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THE  name  of  Werner  is  so  celebrated^ 
and  his  reputation  so  well  established,  in  every 
country  in  which  the  public  attention  has 
been  directed  to  so  interestiog  a  study  as 
tl^  of  the  Natural  History  of  Fossils— that 
^  to  present  a  translation  of  his  ingenious  Trea- 

tise on  the  External  Characters  of  Fossils^ 
might  seem  syifficient  to  ensure  to  it  a  £ivour- 
able  reception. 


^  Mr. 

u 


Mr.  Werner  published  his  work  in  the  year 
1774.  Since  that  time  a  period  has  elapsed 
ia  which  rapid  strides  have  been  made  in  every 
branch  of  Mineralogy;  and,  as  it  might  be 
expected^  considerable  improvements  have  taken 
place  in  the  Treatise  on  the  External  Charac- 
ters  of  Fossils,  Aware  of  such,  the  lovers  of 
Mineralogy  in  Germany  have  frequently  called 
pn  Mr,  Werner  for  a  npw  edition  of  hi? 
work.  His  numerous  avocations  have  hitherto 
prevented  a  compliance  with  the  wished  of 
the  public  j  and  the  period  of  its  appearance 
is  perhaps  still  remote.  Under  these  circum- 
stances, the  Translator,  desirous  of  completing 
the  integrity  of  the  work,  has  had  recourse 
to  other  sources  to  supply  the  deficiencies  of  the 
printed  original.  These  are  principally— copies 
of  Mr.  Werner's  manuscript  corrections  and 
additions  as  circulated  among  his  pupils,  notes 
taken  during  his  lectures  in  1791 — 1792*  ana 
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file  Mineralogies  of  his  disciples  Wiedenmann 
and  Emmerling  ^  and  to  illustrate  the  extra- 
peons  forms  qf  fossils,  the  Manual  of  Natural 
Historjr  of  Professor  Blumenbach  has  beipi 
consulted^ 


In  the  denominations  given  to  the  Charac- 
ters and  to  the  Fossils  employed  in  illustratioa 
of  them,  the  Transktor  has  commonly  followcit 
Mr:  Earwan ;  to  whose  valuable  labours  Minera« 
logy  m  general  is  so  much  indebted* 

The  Characters  are  tabularly  arranged  ia 
the  system  with  the  corresponding  Qerman, 
presenting  a  connected  view  qf  their  relations 
to  each  other  ;  and  of  the  Fossils  an  alpha- 
betical index  is  added^  accompanied  l>y  their 
German  synonims,  and  with  references  to  the 
several  sections  in  which  they  are  employed 
as  illustrative  examples  of  the  External  Cha- 

racterst 

la 


\ 


lot  order  to  *  elucidate  the  stibject  of  crysCaBI-' 
zations,  two  Plates  of  cryttalline  forms  are 
added,  and  explanatioos  of  the  figures  an- 
nexed. 

In  fine,  the  Translator  hopes  that  the  Trea^ 
tise  on  the  £;ctemal  Characters  of  Fossil?  now 
appears  in  a  more  entire  forq)  tl)an  has  hitherto 
been  made  public. 


PREFACE 


PREFACE 


OF  THE  AUTHOR, 


In  verih  ffon  stmtufaclks  ut  eonvmiamus  In  re. 

BY  the  title  of  this  small  work  the  reader 
b  promised  a  Treatise  on  the  External  Cha- 
racters   of '  Fossils  J    I  have,    however,    takcii 

the   liberty  of  rather  exceeding  its ,  limits,  ex- 

«  • 

pressing   at    the   same  time  my  ideas  on  the 

deficiencies  of  Mineralogy  in  general,  and  oa 

the  meaqs  of  removing  them. 

Among  these  I  consider  as  one  of  the 
principal,  the  neglect  of  descriptions  of  fossU$ 
according  to  External  Characters  ;  and  as  I 
hold  such  descriptions  to  be  most  needful  in 
Mineralogy,  my  attention  has  been  chiefly 
directed  to  the  consideration  of  the  External 

Characters 


xu 


Characters    of  Fossils,    and  hence  these  form 
the  principal  subject  of  the  present  work. 

I  have  accordingly  ^I^ewn  that  these  Cha« 
racters  are  not  to  be  applied  as  hitherto 
to  the  systematic  distribution  of  fossils;  but 
merely  to  determine  the  conception  of  their 
Extejtior,  and  to  fix  the  method  of  describing 
them:  that  the  External  Characters  hitherto 
employed  by  Mineralogists  are  very  indetermi- 
nate ;  and  that  the  perfection  and  utility  of 
the  External  Descriptions  of  Fossils  depend  on 
the  complete  definition,  and  arrangementa  of 
the  flxtemal  Characters* 

To  remove  these  deficiencies  in  some  mea-* 
sure,  I  have  not  only  endeavoured  to  deter* 
mine  in  general  the  proper  conception  pf  the 
External  Characters  of  Fossils,  and  to  define 
each  in  particular  as  accurately  as  in  my 
power ;  but  I  have  also  pointed  out  the  me* 
thod  of  constructing   complete}   and    duly  ar« 

ganged, 


3dil 

iflnged,  descriptions  founded  on  the  characters. 
Andy  for  the  sake  of  greater  clearness  and 
precision,  I  have  illostrated  the  \(rhoIe  by 
examples. 

I  have  -also  added  a  condse  history  of  the 
External  Characters,  in  which  those  Minera* 
fegists  alone  are  noticed,  whose  works,  m 
rdation  to  them,  are  remarkable  in  one  pomt 
or  another. 

It  will  be  found  that  I  have  considered 
Mineralogy  in  several  points  very  dLSerently 
firom  the  usual  practice ;  whether  justly,  I 
leave  to  the  impartial  decision  of  intelligent 
and  discerning  Mineralogists,  particularly  as  I 
conceive  my  reasons  suffidently  detailed. 

I  shall  rgoice  and  deem  my  labour  rewarded,, 
should  my  small  work  be  honoured  with  a 
full  enquiry ;  or  should  I  be  refuted  on  good 
grounds,  where  I  have  erred  in  departing  from 
generally  received  opinions ;  or  where  I  have 

proved 


XI? 

proved  correct^  receive  assistsitice  to  ks  farther 
improvement  for  the  advancemeat  of  Mineralogj. 

But,  should  Mineralogy  be  hereafter  culti- 
vated on  the  principles  now  proposed,  some 
might  indeed  spare  us  the  perusal  of  their 
writings;  since  to  execute  a  work  on  Mine* 
ralogy  vironid  no  longer  be  so  easy  a  task, 
and  would  require  more  labour  and  acutenesf 
in  observation.  A  work  conducted  otf  tiiis  plaA 
would  prove  more  usefiil  and  beneficial  than 
all  those  which  have  hitherto  appeared,  par- 
ticularly if  executed  by  an  able,  experienced^ 
and  attentive  Mineralogist.  *  In  this  case, 
should  we  meet  with  a  fossil  of  which  we 
had  no  knowledge ;  nothing  more  would  be 
requisite,    in    order    to    leara   its    name   and 

to 

*  This  was  accomplished  in  part  by  Mr,  Werner  himself 
in  his  edition  of  Cronst€dt  in  1780  ;  and  the  sane  prific^ 
pies  have  been  since  followed  in  the  Mineralogies  of  LenZt 
Wiedenmano)  Emmerling»  Estner,  and  Brochant:  bat  far 
a  complete  exposition  of  the  Wernerian  doctrines  we  may 
look  to  the  systematic  work  of  Mr.  Jameson^  of  ^hich  the 
l«i  Vol,  has  recently  appeared.     Tr. 


XV. 


tp  kaaw  what  species  It  belonged,  than  ta 
detemuoe  its  external  conception  by  the 
discorojr  of  the  £xternal  Characters,  and  to 
refer  ta  this  conceptioa  ia  the  sjsteoi':  or 
shMld  we  find  fossils  mentioned  in  the  sj^ 
tern,  which  we  had  never  jet  seen  ;  com*- 
plete  external  conceptions  of  them  might  be 
immediately  derived  from  their  descriptions, 
by  which  they  might  be  recognized  when- 
ever occurring  to  us,  without  troubling  our- 
selves as  hitherto  with  uncertain,  and  fre- 
quently groundless,  conjectures. 


I  now  await  the  reception  which  this 
small  work  may  meet  with  from  the  mine- 
ralogical  public.  It  has  at  least  the  merit 
of  a  good  intention.  Should  it  receive  ap- 
probation, I  shall  hold  myself  bound  tm 
coommiiiQate  m  future  also  my  mineralogical 
labouR. 

Lastly, 


:Kvi 


JLastly,  I  trust  that  the  liberty  \i^hicii  I 
have  taken  of  expressing  my  sentunents  on 
the  writings  and  opinions  of  others^  will  be 
thought  justified  by  the  good  object  which  I 
had  in  view ;  which  was  no  other  than  the 
advancement  of  Mineralogy* 
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A  TREATISE 

OM 

THE  EXTERNAL  CHARACTERS 

OF 

FOSSILS. 

INTRODUCTION. 


Of  Mineralogy  in  General. 
§.1. 

A.LL  sciences  are  valuable;  differing  only  in  thii 
respect,  that  some  are  more  extensively  useful  than 

others,  or  more  immediately  related  to  common  life* 

§.2. 

One  of  the  most  generally  useful,  and  nearly  in- 
•dispensable  to  civil  society,  is  Mineralogy,  or  the 
natural  history  of  fossils.  Its  utility  to  the  Miner, 
Smelter,  Physician,  Chemist,  Natural  Philosopher, 
&c.  is  too  well  known  to  need  particular  notice  here  9 
and  it  would  be  contrary  to  my  .present  design  to  hold 
.a  panegyric  on  this  science. 

§.3. 

Of  the  several  branches  of  Mineralogy  *,  Otyc- 
UgJiosy  is  unquestionably  the  most  important ;  espe» 

cially 

*  To  the  readeTi  tmacqusuated  with  Mr.  Werner'f  method  of 
treatiiig  Mueralogy,  it  may  not  be  useless  to  observe  thtt,  consider* 
ing  this  science  in  difierent  points  of  riew,  he  has  accordingly  dis* 
tribtttcd  it  into  ftrt  diitiact  braaches,  treatiiig  of  each  lepuatcly^ 

«9 


2  Of  Mineralogy  in  Generat. 

cially  as  it  forms  the  foundation  of  Geognosy  and 
Mineralogicdl  Geography. 

§4. 

Since  the  value  of  tiii«iScienoe  became  more  gene- 
rally known  (a  period  of  near  forty  years,  when  it 
first  began  to  floaviek)>  it  ha»  been  cultivated  by 
many  learned,  able,  and  patriotic  men  with  consi- 
derable ardowr,  and  by  several  with*  great  success  : — 
among  the  latter  I  will  only  mention  Henkel,  Lin- 
nseus,  Wallerius,  Bomare,  and  Cronstedt.  But  the 
genei^al  labours  in  this  field  of  science  are  fuMy 
evinced  by  the  multiplicity  of  systems  which  have 
been  produced,  the  number  of  which  are  annually 
increased  at  least  by  one  additional,  independently 
of  small  tracts  on  particular  subjects. 

§.  5. 

H<yweviBr,  tht9  multiplicity  of  systems  of  Minera- 
l^E^y  ^^  rathev  of  Oryctognosy,  is  a  convincing 
proof  that  the  science  has  not  yet  made  that  pro- 
gress which  is  so  much  to  be  desired  ;  since  several 
of  these  systems  contain  nothing  more  than  the  title, 
and  an  incomplete  and  incorrect  catalogue  of  fossils. 

§.  6. 

9B  Ofjtt$gimy^.  JUiiurmltgual  CbeaMtfyy  Getpiosyy  Miturah^ud  Gm* 
gTBpby^  and  Etmumital  Muurahgy.  A  brief  ezpcAition  of  the  ligai* 
alfintion  of  these  terms  may  not  be  unacceptable. 
'  Oi jrfyniiiy  tcachn  ua  to  know'fossil»,xo  recognise  themr  whcn«ver 
tlwK  occur  to  us.  For  thi*  purpose  it  exhibits  the  aubjccts.of  the 
Ittincnl  kingdom  to  our  inew  acrang^  in  an  »rder  corresponding  v 
.9mdf  a^posable  withr  that  of  thfir  mfmitis0^  and  distinguished  from 
.<ach  other  by  a^r^ptUAt  demmiuuAhnt  and  by  determiMote  and  Jfjuud 


♦      •  ■  .      " 

J.  6. 

Wben  I  op^i  a  work  oo  Oryctognosy,  it  is  with  . 
an  intention — either  of  obtaining  a  general  knowledge 
of  this  science;  or  of  acquiring ^  in  f  articular j  the 
complete  conception  of  a  fossil  which  I  know  only  by 
name;  #r  of  learning  in  re^speet  sf  k  fossil  it>hich 
I.k(^fmM,  mi  vA^e  Ketetndl  Cbaractefs  I 
h9»  disioifcttdi  tohaf  ir  its  na^fne^  and  whMpUbci  . 
U^copiisin  tile  sysl^fn  effdsMs.  If  a  work  for 
the  t^&3t:  pfti^t  atiswe¥s  th^sa  purposee,  k  ttteiy  bi 
t&mtd  good;   Md  if  ^Mirejy ,  peffeet    Nov,  how 

faip-  • 

*nie  ol^ect   of  MlBcrah^ttl  Chemistry  ]»  the  andlysiu  of  fotttlf* 

the  dbtdteiy  of  thtir  cdtMSnkeiit  prindpl^s;  tvlUcli  ethiedtfil^' 
afititiev  to  each  otlier,  aad  hence  form  tftc  fiiBduiieiital  pHnol*. 
pie  of  their  classification. 

Ce^g^Mij  treats  of  the  geoeral  stnMfture  of  thd  eartTu  U  ihai^ 
Q«  aeqttflbiteiil  ilMi  the  njamm  aild  pMrtUtMt  Mr  of  fosiiW*  wWv 
their  probable  oApn^  relative  formation  and  arrangement  in  the 
Earth— with  the  ruks  which  compose  mountains,  an<f  which  consti* 
tnte,  if  not  the  solid  mats,  at  least  the  great  shell  of  the  Globe — with 
Ae  varkms  jtriOa  and  wins  which  form  the  -more  particular  re- 
positoriies  of  fossils^   and'  with  their  reciprocal  rcldtioni  19  each  s"^ 

other. 

llie  province  of  Mitur^pcat' G§egrap6y  is  to  descrHMfi  g^ogfk'apIiS* 
ciHyf  «the  occurrence  of  fossik  in  different  countries*  It  describea 
the  general  surface  and  great  outlines  of  a  country,  the  several  kinds 
dF  racks  which  form  iu  mountains  xifitE  their  varlour  mutual*  re- 
lations to  each  other,  to  the  distinct  strata  which  are  imbedded  in 
them,  and  to  the  veins  which  intersect  them,  with  detaili^  notices' 
of  the  fossils  which  these  severally  bear. 

The  object  of  Economical  MiHeralogy  is  to  shcw  the  various  econo- 
mical purposes  for  which  fossils  may  be  employed.  It  treats  ol"  them 
la  an  order  corresponding  with  the  several  uses  to  which  they  are' 
applicable,  attending  to  those  particular  properties  which  qualify 
them  for  the  operations  of  the  Potter,  the  Class-malLeri  the  SmcUjcr, 
tiie  Painter,  the  Architect,  the  Farmer,  &c,    Tt. 
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far  our  Orycfcognostical  works  bave  hitherto  attained 
this  end,  and  hence  what  progress  the  sciesM  has 
made  toward  perfection,  I  leave  to  the  decision  of 
any  impartial  person. ' 

§.  7. 

There  are  two  obstacles  which  principally  ob* 
struct  the  progress  of  Oryctognosy : .  the  first  is, 
that  many,  in  treating  of  it,  confound  it  with  other 
sciences,  and  neglect  the  essential  part  of  the  science 
itself,  by  dwelling  upon  that  which  does  not  pro- 
perly belong  to  it,  or  which  at  most  should  only 
be  added  in  a  note.*  The  second  and  principal  is 
the  division  which  subsists  among  Mineralogists; 
one  party  endeavouring  to  found  the  whole  science 
on  the  External  Characters^  and  another,  on  the 
contrary,  attempting  to  accomplish  every  thing  by 
means  of  chemistry,  and  by  the  discovery  of  the 
constiitient  principles,  of  fossils. 

I  shall  not  at  present  enter  so  far  into  the  subject 
as  to  adduce  arguments  in  opposition  to  one  or 

the 

*  I  am  by  no  means  dispoicd  to  reject  in  this  place  those 
useful  relations  which  respect  the  Bedit  and  firmatim  of  fusiU^ 
their  geiigra^hy  and  wei  they  may  in  the  meanwhile,  during  the 
formation  of  the  sciences  to  which  they  respectTvery  belong,  be 
added  in  Oryctognosy  with  great  propriety  in  a  note  at  the  end 
of  each  species  of  fossils.  I  only  say  that,  in  attending  to  these 
cfonsiderations,  the  essential  part  of^the  science  ought  not  to  be 
neglected.  Besides  it  must  be  obvious  to  every  person  that  a 
work  on  Oryctognosy  is  not  the  proper  place  for  a  Treatise  on 
tht  Art  tf  Assayings  for  DttcriptUm  of  Mme*^   Operations  in  Smtlt'- 
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die  other  ofmiion.  I  will  only  remark  that  neither 
parfy  OMMiders,  diat  to  class  fossils  in  a  ysiemy  and 
io  know  fossils  from  a  consideration  of  their  Exte^- 
rWy  are  two  distinct  things,  and  that  to  attain 
either  end,  yerj  different  means  must  be  emj>loyed. 
In  fact  the  impraclibility  of  either  plan  alone  is 
eyident;  since,  of  the  former  party,  each  felt  the 
necessity  of  applying  the  chemical  constitution  of 
fossils  to  his  system :  and  all  of  the  latter  employ- 
ed in  some  degree  the  External  Characters  to  de- 
scribe the  species  of  fossils,  and  to  distinguish  their 
yarieties. 

Wallerius*  was  the  first  who  thought  of  uniting 
these  two  sects,  and  for  this  purpose  proposed  (by 
which  he  also  thought  to  approach  neater  to  the 
tiature  q{  the  subject,)  that  though  in  the  distribu- 
tion of  fossils  the  chief  r^ard  should  be  bad  to 
their  constituent  principles,  yet  the  External  Cbiw 
racters  should  also  be  employed  as  subsidiary ;  and 
in  sudh  a  manner  that  the  orders  and  genera  should 
be  principally  determined  by  the  constitution,  but 
the  species  rather  by  the  External  Characters^ 

Gerhard  t  has  lately  presented  a  plan  for  form- 
ing* a  correct  and  natural  mineral  system,  in  which 
he  also  endeavours,  in  some  measure,  to  unite  the 

two 

*l>e  Syttematibiu  mineralogidt  et  systemate  mmenlogico  rite 
condendo.    Holmic.  S.  X76S.    $•  io%  aad  103. 

-f  BcyifSge  sur  Chemie  und  Ocichichte  dci  Miiicral*JUiclUy  i. 
ThciL    Berlin.  8.  2773.    S.  13. 


twd  djphtofM.  '  He  propose  to  detenaM  the  dmsesy 
iriir^y  and  siction^  <$f  fosdHs  by  tfieif  ^^mAhMAw^ 
rtA  &dt  >eAr/uf»^  in  ^bemioafc  expcfriBUMiits,  «wl  if 
j^Mrfble^  tbe  jr^M^<z  «nd*  ^(fmx  also ;  but  if  dw 
nMte  of  dei^ihtofltioii:  Ai^vAd  be  fomid  idsofici^lkt 
hr  Ae  tw»  Uttoiv,  to  employ  likewise  the  Estcmd 
tfk^roKiefSy  and  principaHy  the*  gtruecore  and  live 
dohcMK^ii  6t  Ae  paopticles. 

•  « 

§.  Id. 

I  must  confess,  the  two  forementioned  Mine- 
ralogists  approach  very  near  to  the  nature  of  the. 
subject,  and  particularly  the  latter ;  yet  their 
opinions  appear  to  me  rather  indeterminate.  My 
dlliitioil  i»;  that  tkt  damfieetium  of  foBsUs  sheudd-  be 
J^nded'  on  their  eonstitutim,  etiendh^  fiaf  their 
^ifecies^.  For  a  mineral  system  has  no  otbe*  object 
than  to  determine  the  naturai  order  or  succession 
ef  the  dififetene  fo^iii ;  anfd  the  move  iccorately 
this  is  dMomphshedy  the  more  perfect  tr>II  ij»tf 
mineral  system  be  :  now,  the  essential  iifferefuet 
effessih  are  contained  in  their  c^nstUuthn  (as  in 
toimals  and  plants,  in  tiheir  conformeUion^  which 
extendto  their  species);  the  spe'cieS'of  fossils,  there* 
fore,  should  also  be  classed  according  to  the  prin- 
eiple  of  their  essential  differences,  t .  e.  according  to 
th^ir  canstitidion.* 

§.  11. 

*  Partly  by  way  of  proof,  p^irtly  of  illuttration,  of  the  foregoing 
paragraph,  I  wiU  idd  a  te^r  obsev^tfotir  on  the  clatsifiratioii  or 
d»sff<bttrloiL  U  iMtttraA  liodiet  k  gcilcrsl.    Whea  we  with  to  dass 

natural 
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'to  the  obstacles  which  have  retarded  the  ad- 
iraocelkient  of  Oryctognosy  might  be  added  the  want 
of  deftnitioti  in  the  denomination  of  fossils ;  arisidg' 
principally  from  the  introduction  of  new  provincial 

denomU 


■ititfal  bodies^  <ft  which  U  the  aaaie  thing,  to  dctennmc  their  tuam 
nd  wdtir^  we  mugb  amettarily  «eek  toeit  pruuipU  \3ff  which  this  de-^ 
•rtmi— fion  thail  bo  rei^kied-;  but  Hai^prutafU  miut  likewise  ezise 
m  the  natmn  ci  these  bodies^  beciiiise  their  order  or  succession  i» 
•or  be  Mttiifal':  and*  as  we  have  further  to  determine  by  it»  how  dif«' 
it»  bofderingon,  or  passing  into»  each  othnr,  tu:cordiflgto  their 
» these  bodies  are  (for  this  is  aalled  themomat  order/ ;  it  must, 
Kfaewise  be  the  principle  of  their  diflereaces :  for,  according  aa» 
these  relations  are  dtflbrent»  bordering  on,  or  passing  into,  each 
•ther;  so  ab^ave  the  bodies  which  stand  u»  these  relations:* 
Imee  these  mdaikm  must  be  the  single  and  only  principle  by  whioh^ 
we  aie  to  determine  the  ord^  op  succession  of  natural  bodies*  We 
lte«e  now  to  enaminoi  where  these  nlatMte  occur  in  natural  bodies^i' 
but  here  we  find  >•  difference  in  them,  for  they  resolve  themselves 
BtD  two  principal  kinds,  of  which,  the  relations  of  the  one  exist 
aa  ilvir  mw/ftrsMahwr,  or  oiode  of  aggregation  i  but  thofeof  the  otbcTt 
itLtbeir  te/utitiOion^  or  combination  of  their  constituent  principles : 
the  foffmcp  inelilides-  animals  and  plants,  the  latter  the  substances  of 
the  fossil  and  atmospheric  kingdoms : — ^it  is*  true  both  are,  as  natural 
hadlcs»  aggre^itedy  and  their  paru  chemically  constituted ;  but  the 
forttoer  are  aggregated  of  parts  diiFerent  from  each  other,  wliich  we. 
oattorgadlv  and  in  which  their  relations  also  exist :  the  latter,  oh 
the  cesmaif,  are  aggrQgatcd  of  wholly  simple  and  uniform  parts, 
and  their  relations,  therefore,  cannot  exist  in  their  aggregation ;  buft 
as  tfiey  are  really  different,  i.  e.  possess  really  diflvrcnt  relations, 
tfasic  mkufr  occur  elsewheier  and,  a»  already  observed,  most  neoQi<> 
•oiily  be  ftmnd'in  their  ctmHttOiom.  But  that  this  is  the  real  .state  o€ 
Ao  ease  may  be  coUeoted  from  this ;— 4f  a  body  be  taken  from  cither 
^  the  two  former  hiiigdoms,  e.  ^  a  plant,  and  be  divided  in  any 
pnssible  manner  into  small  parts,  neither  of  these  single  parts  caf» 
then  be  said  to  ccmstitute  the  same  plant,  because  each  of  the  single 
|Mvts  no  lodger  possesses  the  tame  rwktim  which  existed  in  theii* 
Awiliwliiation,  i.  c  which  exbted  in  the^  whole,  and  which  consti* 

«       tutcd 
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denominations,  or  from  the  use  of  such  as  are  un- 
common or  merely  invented  by  Mineralogists  in 
relation  to  their  own  systems.  Several  Oryctognosti- 
cal  writers  also  apply  false  names  to  many  fossils, 
either  from  not  knowing  them,  or  fron^  misunder- 
standing another  writer. 

This 

tuted  this  whole  to  this  or  that  plant :  here,  therefore,  the  relation 
must  necessarily  have  lain  in  the  conformation  of  the  plant,  because 
hj  its  division  the  relation  ceased.    If,  on  the  contrary,  a  fossil  be 
divided,  each  6f  its  -parts,  even  the  smallest  part  which  can  possi* 
biy  be  obtained  by  a  mechanical  division,  will  still  ever  be  the  same 
fossil;  for  each  of  the  parts  so  obtained  still  possesses  the  same 
essential  relation,  which  all  the  parts  possessed  in  their  aggregation ; 
die  relation  of  the  fossils,  therefore,  cannot  have  lain  in  the  aggre- 
gation, because  by  its  division  the  relation  has  not  ceased.    But,  if 
the  constitution  of  a  fossil  be  divided,  L  e.  if  it  be  resolved  into  its 
constituent  principles,  each  sin^e  constituent  principle  will  no  longer 
form  the  same  fossil,  because  it  possesses  not  the  same  relation 
which  was  possessed  by  the  constitution,  as  e.  g;— if  ^lMVMM/«i- 
Silver^Ore  be  resolved  into  Silver,  Antimony,  Iron,  and  Sulph  ur  ;  or 
Cinnabar  into  Quicksilver  and  Sulphur ;  neither  of  these  constituent 
principles  can  be  said  to  form  the  same  fossil,  of  whose  constitutioa 
it  before  formed  a  part.    The  relation  of  fossils,  therefore,  must 
necessarily  exist  in  their  constitutioo,  because  the  relation  ceases  by 
a  division  of  the  con^titctton.        \ 

But,  moreover,  the  transition  of  natural  bodies  from  one  into 
another  (and  which  is  the  most  certain  mark  of  the  natural  order) 
ilso  proves,  that  the  diiFerent  relations  of  the  bodies  of  the  two 
former  kingdoms  are  contained  in  their  conformation,  because  such 
bodies  pass  one  into  another  merely  in  respect  of  their  confor- 
mation ;  and  that  the  relations  of  the  bodies  of  the  two  latter  king* 
doms,  vis.- of  the.  fossil  nnd  atmospheric  kingdoms,  exist  in  their 
constitution,  because  such  bodies  pass  one  into  another  according  to 
their  constitution,  as  c.  g.  in  the  fossil  kingdom,  Native-Silver  passes 
hito  Vitreous-Silver-Orc,  this  into  Antimoniated*Silvcr-Ore,  and 
this  again  into  Red- Silver-Ore;  accordingly  as  to  the  first  an  ae« 
eession  of  Sulphur  takes  place,  to  the  second  an  accesuon  of  An* 
rimony  and  Iron,  and  to  the  third'  an  accession  of  Vitriolic  add 

instead 
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This  evil  might  in  a  gpreat  measure  be  remedied 
by  attending  in  every  language,  in  the  choice  of 
denominations,  to  those 
Which  vrete  the  most  common ; 
Which  had  been  employed  by  the  best  Mine- 
ralogists ; 

Which 

instead  of  Iron.  Lattly,  hence  it  also  proceeds  that  we  have  in- 
deed sofficienC  proofs  of  the  tratuitioms  from  the  animal  into  the  Te- 
gctable  kingdom,  and  from  the  fossil  into  the  atmospheric  kiugdom; 
but,  on  the  contrary,  no  solid  argument  can  nor  ever  will  be  pro- 
duced (notwithstanding  what  has  been  advanced  to  the  contrary,) 
to  prove  the  transition  from  the  animal  and  vegetable  into  the 
fossil  kingdom ;  because  the  natural  succession  of  rdations  in  the 
former  is  continued  in  their  conforxiution,  and  in  the  latter  in  their 
constitution. 

However  with  respect  to  the  order  or  system  of  fossils,  "the  fol- 
lowing question  might  still  be  proposed :  **  Since  it  is  certain  that 
**  the  Exterior  of  fossils  varies  accordingly  as  their  constitution 
"  varies ;  might  not  characters  be  found  in  their  Exterior,  which 
"  should  determine  the  order  or  succcession  of  fossils,  even  as  it 
"  exists  in  the  relations  of  their  constitution  V*  To*  this  the  answef 
IS ;  that  although  in  the  External  Characters  of  fossils  the  dider* 
Qit  relations  of  their  constitution  may  be  perceived,  provided  botH 
be  preWously  determined ;  yet  the  succession  of  these  relations  can- 
not be  discovered  in  them  *.  and  ist.  because  Nature  in  cxpressinj^ 
the  difference  of  the  constiturion  employs  without  any  order  some^ 
times  one,  sometimes  another  character ;  and  andly.  because  every 
External  Character  proceeds  somerimes  from  an  essential  difference^ 
sometimes  from  a  casual  variation  only :  of  the  impracticability  of 
this  we  maybe  fully  convinced  by  the  mineral  systems  of  those 
who  have  classed  fossils  according  to  their  External  Characters', 
in  iHiich  fossils  that  are  essentially  different  may  be  found  placed 
together,  and  others  which  are  of  the  same  species  torn  far  asun- 
der merely  on  accotmt  of  a  casual  variation.  It  is  therefore  for- 
tunate for  Botanists  and  2^ologisto,  that  in  the  subjects  of  Botany 
and  Zoology,  they  immediately  find  the  relations  in  the  Exterior 
afthoe  bodies,  and  that  when  they  class  thctai  aecordiisg -to  thcif 
cooformatioii*  or  'the  association  of  their  External  parts  (organs^, 
they  also  at   the  same  time  describe  tMr  External  Characters, 

and 
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Wlucb  .were  the  most  ancient; 

Which  were  the  most  usual^  where  the  natund 
history  of  fossils  mostly  floorished,  and 
where  the  language  of  the  country  was  best 
spoken; 

Which  were  most  suitable  to  the  nature  of  the 
fossil,  and  best  adapted  to  its  distinction; 

And  lastly,  by  avoiding  in  mineralogical  trans- 
lations to  render  the  denomiojiAioiw  of  fossiJs 

otherwise 


a9<l  thut  accomplish  both  together:  Mineralogbti,  on  the  con- 
tnu7»  have  a  different  task:  fori  itt.  ui  order  to  daw  fotsili^ 
they  onut  dcteraiine  their  constitution  by  the  results  of  cheinii* 
cal  inTcstigation ;  and  adly.  in  order  to  describe  them,  they  must 
discover  their  External  Characters.  {C^mim^e  with  ib'u  the  %tb  §.) 
1  wSl  only  further  obaerve:  ist.  that,  as  it  strikes  me,  JMi* 
neralogisu  have  hitherto  fivcn  themselves  unnecessary  trouble  in 
endeavouring  to  apply  to  their  systems  the  four  graduated  divi- 
ttons  of  JUogiciaas,  as  Classes,  Orders,  Genera,  and  Species,  thiv 
doing  in  some  measure  violence  to  nature;  I  believe  that  some^ 
thing  certain  may  be  determined  with  roq>ea  to  the  number  of 
woch  dqg^ees  in  the  distribution  of  fossib  according  to  their 
constituent  principles;  but,  as  thb  is  not  the  place  to  be  more 
diffuse  on  this  subject,  I  reserve  it  for  another  opportunity: 
yet,  vrith  respeet  to  classing  in  the  subordinate  parts,  it  is  best 
V>  retain  what  may  have  been  already  introduced;— ;'2dlj.  Mi- 
neralogists arc  too  nndetermined,  and  too  much  at  variance,  in 
what  they  call  species ;  but  if  the  word  shall  be  here  taken  in 
s  determinate  aense,  ipeda  are  in  gjeoeral  all  fossils  which  diftr 
essentially  fmm  j>n€  another  in  the  reUtions  of  their  constituti* 
no ;  and  0  jf^cUt,  therefore,  will  be  ail  fossils  which  essentiaUy  agreft 
Jn  these  relations:  further,  all  ibgle  pieces  of  a  species  »k  iw^ 
fividiuU  or  s/>tamaiu,  which  we  substitute  for  the  species,  ai  k 
is  impossible  to  collect  ^together  the  whole  species  (because  it 
/consists  of  all  its  individuals  which  occur  either  on  or  under  the 
aptface  of  the  Earth);  lastly, aU  fossils, by  whldi  me spedes  papfi 
into  another,  and  in  which  one  «r  the  ^ofihcr  -chsntftfCr  i$  catii*^ 
.   iHj  different,  are  varufm. 
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Otherwise  than   by    the  word   usual  in  the 
language  in  which  the  translation  is  made. 

%.  12. 

It  has  also  been  the  practice  to  consider  a  fossil 
as  sufficiently  distinguished  by  describing  its  uses^ 
by  noticing  its  constituent  principles,   or  by  class- 
ing it  here  or  there  according  to  certain  reputed 
principal  characters;  and  to  this  cause  is  to  be 
ascribed  the  neglect  of  perfect  and  correct  descrip- 
tions of  fossils  according  to  External  Characters. 
This  has  been  carried  so  far  that  scarcely  any  one 
fossil  is  to  be  found  in   an  Oryctognostical  work 
described  in  such  a  manner,  that  it  might  be  im- 
mediately known  and  distinguished  from  others  re- 
sembling it.     Yet  this  is  the  most  essential  part  of 
Oryctognosy,  and  I  would  rather  have  a  fossil  well 
described  and  ill  classed,  than  well  classed  and  ill 
described.    Of  this,  however,  I  shall  here  take  no 
farther  notice,   the  External  Characters  of  fossils 
being  the  peculiar  subject  of  this  small  treatise; 
to  the  detailed  exposition  of  which  I  shall  proceed, 
after  having  appropriated  a  chapter  to  the  consi- 
deration of  the  characters  of  fossils  in  general,  and 
•f  the  pre-eminence  of  the  External  Characters. 
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CHAP.  I. 

Cffi  iA^  characters  ofFesnls  im  grneralf  and  ^  iie  prjg* 
eminence  and  utility  qfthe  external  Characters^ 

§.  13. 

X  HE  cbajracters  of  Fosuk  are  aU  tbeir  properties, 
by  vh^i  yre  distinguish  them  from  each  other, 
and  from  other  substances.  They  are  as  num^oua 
«a  the  dUffex^nt  modes  of  observing,  them ;  and  heyice 
we  have  external^  intemiily  phj/sical^  and  empirical 
.^cifaavacters* .  . 

f.  14. 

Extermd  ekaracters  are  those  which  we  discover 
solely  through  the  means  of  our  senses,  in  the  ag- 
gregation of  Fossils:  they  are  aho  called  Seniible 
Characters,  ^  the  use  of  our  senses  being  sufficient 
for  their  discovery. 

Internal  characters  are  those  which  we  derive 
from  the  analysis  of  the  constitution  ef  Fossils;'  and, 
being  discovered  by  the  aid  of  chemical  ageoits, 

they  are  also  called  chemical. 

B  Physical 
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Physical  characters  are  those  which  we  derive 
from  peculiar  phymod  properties  of  Fossils,  and 
which  are  observed  in  the  relations  that  Fossils 
bear  toward  other  sobstanoes. 

Empiric^  charMciers  are  those  which,  in  forming 
an  opinion  of  a  Fossil,  are  deduced  from  the  place 
of  its  formation,  and  from  the  Fossils  with  which 
it  occurs,  which  relations  are  sometimes  founded  on 
one  of  its  properties.  I  have  called  these  Empirical 
Characters^  in  as  much  as  they  are  principally  used 
by  those  whose  knowledge  of  Fossils  extends  not 
beyond  that  of  practical  experience. 

§.  15, 
That  these  four  kinds  of  characters  may  be  very 
serviceable  in  the  explication  of  Fossils  is  sufficiently 
obvious ;  but  the  question  is,  which  are  frincipath/ 
and  pecidiarly  requisite  for  that  purpose  ?  To  deter- 
mine this  inquiry,  let  us  examine : 

1.  Which  of  them  are  present  in  every  species 

of  Fossils,  and  m  each  iTidividual: 

2.  Which  most  certainly  evince  the  essential  dif- 

ferences of  Fossils:  • 

3.  Which   niay   be  most  accurate^  kmxvn  and 

defined: 

4.  Which  may  be  most  speedily  and  easily  discO' 

vered;  and 

5.  Which  may  be  discovered y  independently  of  the 

analysis  of  Fossils. 
Accordingly,  I  shall  now  examine  each  of  the  four 
kinds,  and  it  will  then  appear  which  is  peculiarly 
related  to  Oryctognosy. 

§•  16. 
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§.  16. 
EXTERNAL    CHARACTERS. 

1.  Are  present  in  every  species  of  Fossils ^  and  in 
every  individual;  because  they  are  derived  from 
their  aggregation, 

2.  Th^  certainly  evince  their  essential  diffe^ 
rences:^  for  since  the  External  Characters  are  de- 
rived from  the  aggregation  of  Fossils;  and  the 
aggregation  is  founded  on  the  attraction  of  the 
smallest  particles,  or  molecules,  of  a  Fossil;  and 
the  different  attractions  of  these  molecules  depend 
on  their  different  constitution;  it  follows  that  as 
the  constitution  varies,  the  kind  of  aggregation  will 
yary  also:  and  that  as  the  constitution  is  the  foun« 
dation  ot  the  essential  differences  of  Fossils,  the 
External  Characters  will  also  certainly  evince  them. 
Indeed  we  are  taught  the  same  by  experience; 
for  we  find,  that  as  the  relative  proportion  of  the 
constituent  principles  of  any  one  species  of  Fossils 
varies,  and  thus  approaches  nearer  to,  or  even 
passes  into,  another;   even  so  do  its  External  Cha- 

B  2  racters 

*  The  Extenial  Characters  have  been  considered  by  some  Mine* 
raloguts  as  inadequate  to  the  distinction  and  explication  of  the 
diflTcrent  species  of  Fossils.  This  opinion,  however,  arde  from 
their  being,  unacquainted  with  all  the  External  Characters  which 
it  is  possible  to  discover  in  a  Fossil,  and  which  fully  appears  by 
the  examples  they  adduce.  Dr.  Vogel  in  his  Practical  Mineral 
System,  speaks  first  of  Muscovy-Olass  and  Spccular-G^sum,  and 
then  of  Mica  and  Talc,  as  Fossils  not  to  be  distinguished  from 
each  other  by  means  of  External  Characters.  I  shall,  however, 
prove  the  contrary  in  the  jth  Chap,  by  the  full  description  of 
these  examples. 


4  On  the  External  Characters 

racters  also  vary,  and  approach  nearer  to  those  of 
the  other  spepics. — The  following  may  serve  as  ex^ 
an^plcs: — 

1.   Copper 'Pyrites  f    which,    when    passing    into 
Grey-Copper-Ore,    loses   its  lustre;   the   grain   be- 
comes, much    fin.er^    and    its   greenish-gold-yellow 
colour  inclines  a  little  to  steel-grey.     When  passing 
into  .White-Coppei'-Ore  its  weight  and  hardness  are 
increased,   the  lustre  is  somewhat  diminished,   the 
.grain  ..becomes  rather  finer,  and  its  colour  paler, 
.or  inclines  a  little  to  whitish :— when  passing  into 
Martial-Pyrites,  it  becomes  harder  also,  the  lustre 
diminishes,  and   its  yellow  colour  inclines  to  red- 
dish instead  of  greenish. — 2.  Grcy-Copper-iyre^  when 
passing  into  ^ Grey-Silver-Ore,   increases  in  weight, 
becomes  softer,  and  more  of  a  lead-grey-colour. — 
3.  Calcareous  Spar^  when  passing  into  Sparry-Iron- 
Orc,  increases  in  weight,  and  becomes  yellowish- 
grey.      The^e   Examples  may   be  sufficient   to  ex- 
hibit  the  variation   of  characters  in   the   Transiti- 
ons:  and  since  it  already  occurs  even  in  theie^  we 
may  safely  infer  the  certain  variation  of  characters 
in  the  species  themselves.     In  general,  however,  as 
similar  *  iri    External    Characters    as  many    species 
appear  to  each  other,   it  requires  only  an  experi- 
'  ended*  and  attentive   observer  to  discover  their  dis- 
.  tinguishing  characters,  which   are  not  always  par- 
'  :ticularly  striking';   hence  it  often  happens,   that  a 
^nechaiiic,  from  nicre  practice,  is  much  better  able 
to  di^iuguish  the  Fossils  that  come  within  his  sphere 

according 
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according   to  External  Charactei;s^   than    many  a 
mineralogist.  '  " 

3.  T/iey  may  be  accuratelj/  known  and  defined^ 
because  to  know  and  define  them,  and  to  observe 
how  numerous  they  are,  and  wherein  they  consist, 
vte  need  only  examine  the  differences  in  the  ag- 
gregation of  Fossils;  which  may  be  easily  accom- 
plished by  mere  attentive  observation,  particularly 
as  in  this  respect  much  has  been  already  done. 

4.  They  vmy  he  easily  and  speedily  discovered^ 
because  they  directly  strike   the  senses,    and   tha^ 
aid  of  other  substances  is  not  necessary  for  jhcir 
discovery. 

.  5.  J  hey  may  be  discovered  independently  ^of  the 
analysis  of  Fossils;  because  they  are  solely  deriv- 
ed from  the  differences  of  their  aggregation. 

§.  17. 

INTERNAL  CHARACTERS,  " 

1.  Are  present  in  every  species  of  Fossils^  but 
caimot  be  discovered  in  every  individual^  because 
such  individuals,  or  specimens,  are  oftentimes  too 
small  for  chemical  investigation. 

2.  They  certainly  evince  the  essential  differences 
of  Fossils,  being  immediate  consequences  of  their : 
constitution. 

3.  They  cannot  be  so  accurately  known,  and  de-' 
fined  as  the  former j — a  perfect  knowledge  of  che- 
mistry  being  requisite — ^   science  which  itself  is 
not  yet  complete, 

4.  They 


.  > 
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4.  They  cannot  be  speedily  and  easily  discovered ; 
because  to  discover  them  many  substances  and  ex- 
periments are  necessary,  which  often  require  a  large 
apparatus. 

5.  They  cannot  be  discovered  independently  of  the 
analysis  of  Fossils ^  being  derived  from  their  analysis. 

§.  18. 
pkvSICAL  CHARACTERS. 

1 .  Are  not  present  in  every  species  of  fossils ;  pecu- 
liar  properties  having  been  observed  in  some  few  only. 

2.  They  do  not  always  evince  the  essential  differences 
of  Fossils  ;  essentially  different  Fossils  possessing 
often  the  same  property,    as   amber,   and  several 

w 

precious  stones,  which,  when  heated,  have  in  com- 
mon that  of  attracting  light  bodies. 

3.  Neither  can  they  be  accurately  known  and  de^ 
fined ;  because,  the  knowledge  of  them  is  founded 

on  natural  philosophy,  even  in  which  their  nature 
is  not  fully  known  :  besides  many  properties  of 
bodies  are  still  undiscovered,  and  can  be  only  gra- 
dually brought  to  light  by  many,  and  variously 
repeated,  experiments. 

4.  Th^  cannot  be  easily  and  speedily  discovered ; 
because  other  substances,  and  experiments,  are  ne« 
cessary. 

5.  They  may  be  discovered  independently  of  the 
analysis  of  Fossils  ;  because,  we  need  only  observe 
the  relation  which  an  individual  bears  to  another 
substance^  with  respect  to  a  particular  property. 
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§.  19. 
EMPIRICAI.  CHARACTERS. 

1.  Are  not  present  in  evety  species,  and  even  where 
the;/  are,  not  in  all  their  indhiduals :  for  in  respect 
to  the  former,  many  species  of  Fossils  are  found 
nearly  in  all  places,  and  in  conjunction  with  all 
others ;  and  with  regard   to  the  latter,  individuals 

'sooietimes  occur,  with  whose  place  of  formation  we 
are  unacquainted,  and  which  are  wholly  unmixed 
with  others. 

2.  They  do  not  always  evince  the  essential  differ^ 
ences  of  Fossils ;  being  too  general,  and  appertain* 
ing  most  commonly  to  a  whole  genus,  or  at  least 

'   to  the  greater  part  of  its  species. 

3.  Neither  can  they  be  accurately  known  and  de* 
Jfw^rf ;.  because  1st,  the  nature  of  these  properties 

themselves  is  as  yet  unknown  ;  and  2dly,  their  de- 
termination depends  entirely  on  Experience  which 
can^be  only  gradually  acquired,  and  scarcely  other- 
wise than  on  the  spot  where  they  are  produced. 

4.  They  can  be  easily  and  speedily  discovered :  and 

5.  Independently  of  the  Analysis  of  Fossils ;  be- 
cause we  need  only  observe  what  accompanies  an 
individual,  or  what  is  mixed  with  it. 

From  the  foregoing  consideration  it  follows,  that 
empirical  characters  are  altogether  imperfect : — that 
physical  characters  are  also  imperfect,  and  the  dis- 
covery of   them  inconvenient :    that    internal,   or 

chemcid 
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chemical  characters  are  tolerably  complete  and  cer- 
tain, yet  somewhat  indeterminate,  and  the  discovery 
of  them  attended  with  the  greatest  inconveniencen^ 
an  able  chemist  being  alone  equal  to  the  task ;  and 
besides,  that  many  substances  and  a  large  apparatus . 
are  requisite^  each  individual,  which  shall  be  known' 
solely  by  means  of  these  characters,  ix^ust  be  ana-«   . 
lysed,  for  which  many  are  unfit,  and  others  to*« 
small :  lastly,  that  External  Characters  are  thoroughly 
complete,  certainly  discriminative,  most  generally 
known,  easily  defined,  and  conveniently  discovered, 
and    hence  principally  and    peculiarly  related    to 
oryctognosy.^ 

§.  21. 

The  utility  of  the  External  Characters,  therefore, 
applies  chiefly  to  the  Mineralogist  who  forms  from 
them  his  External  coDceptions  of  fossils,  by  means 
of  which  he  distinguishes  and  describes' each  species, 
and  even  where  thousands  'of  individuals  occur  to- 
gether,  and  no  other  means  of  examining  them  are 
presented  than  those  afforded  by  the  senses,  is  yet 
enabled  to  ascribe  each  to  its  appropriate  species. 
They  are  very  useful,  and  even  indispensable  to 
the  chemist ;  who,  if  unacqudinted  with  them,  could 
place  no  reliance  on  his  examinations  of  Fossils :  fot 

how 

*  Of  the  three  other  kinds  of  characters,  the  Chemkal  appertain 
peculiarly  to  Mimeralogical  Cbimistry^  which  treats  of  the  Analysis  of 
Fossils ; — ^the  Physical  to  Natural  PbiUsopby ;  and  the  Empirical  partly 
to  Mineralogical  Geography^  and  partly  to  Geognosy,     In  the  5th  chap. 

1  shall  further  notice  them,  as  far  as  fome  may  be  apjilied  to  tkc 
explication  of  Fossils, 
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bow  is  he  assured  that  the  individual,  ivhich  lies 
before  him,  is  actually  of  that  species  of  Fossils  it 
IP  his  intention  to  examine,  if  he  does  not  already 
poss^,  by  External  Characters,  the  correct  con- 
ception  of  its  Exterior  ?  Several  instances  might  be 
adduced  which  render  it  very,  probable,  that  phae- 
flomena  noticed- by  chemists  in  the  analysis  of  one 
or  the  other  Fossil  have  been  occasioned  by  a  diffe- 
rent  Fossil,  and  which  they  confoundcid  with  this, 
or  at  least  by  others  with  which  it  was  mixed  :  and 
whence  could  this  have  arisen,  otherwise  than  that 
the  Chemists  did  not  know  how  to  distinguish  their 
subjects  oryctognostically,  i.  e.  according  to  External' 
Characters  ;  lastly,  a  knowledge  of  the  External  Cha^ 
racters  of  Fossils  is  productive  of  no  small  advantage  to 
the  Miner y  enabling  him  to  form  an  immediate  opinion 
of  every  fresh  appearance  or  discovery  in  the  Mine, 
which  he  has  rarely  an  oportunity  of  examining 
chemically ;  and  indeed  it  would  sometimes  be  at^ 
tended  with  too  many  incpnveniencies  and  diflSi- 
culdes*  In  the  separating  and  dressing  of  Ores,  he 
can  have  no  other  mode  of  distinguishing  them  than 
by  External  Characters ;  which  advantage  is  en- 
joyed by  every  one  employed  in  the  mechanical 
working  of  Fossils. 


CHAP* 


CHAP.  II. 


History  of  the  External  Characters  of  FossQs, 


T 


§.  22. 

HE  most  ancient  writers  on  mineralogy,  «• 
Theophrastus,*  Flint/ j  J  and  others,  described  Fo»< 
sils  merely  with  regard  to  their  use : — hence  it  arose, 
that  they  made  little  mention  of  their  External 
Characters,  and  only  occasionally  employed^  one^ 
cir  the  other,  a&  an  assistant  in  their  descriptions. 

§.  23. 

For  many  centuries  after  their  time,  we  had  not 
any  professed  writer  on  Mineralogy,  and  the  Science 
itself  had  become  aIaK)st  wholly  extinct : — it  is, 
therefore,  easy  to  suppose  that  nothing  remarkable 
has  appeared  respecting  the  External  Characters  of 
Fossils. 

§.24. 

At  length  George  Jgricola  arose,  the  father  of 
Metallurgic  Science,  and  produced  among  other 
valuable  works  his  treatise  de  natura/ossilium.lli — In 
this  he  is  the  first  who  has  introduced  the  proper 

use 

*  Theophrasti  Iresii  m^}  rSv  x£&Mr  fflBiuof. 
i  Caii  Plinii  Sccundi  Historia  Mundi,  Lib.  XXXVIL 
I  Ccorgiiu  Agricola  de  natura  fossilium,  Basilez  1546,  foL— I  paM 
hf  preceding  mineralogtcal  writers,  at  Avitenma^  Alhetiut  MagmtSf  llftn 
9M  their  works  do  not  contain  any  thing  worthy  of  note  respecting 
Sztcmal  Characters. 
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use  of  External  Characters  as  applied  to  the  dis- 
tinction and  description  of  Fossils ;  for  which  pur- 
pose he  has  also  in  the  beginning  of  the  first  book 
drawn  up  a  system  of  External  Characters,  and  fur- 
nisbed  the  following  notices; 

1.  Th^  Appearance, 

the  colour  color ^ 

the  transparency  facilitas  translucida, 

the  resplendence  /ulgor^ 

the  lustre  nitor^ 

2.  The  Taste, 

3.  The  Smell, 

4.  The  Touch, 

the  cold  and  warmth  frigus  et  calor^ 

the  moisture  and  dryness  humor  et  siccitas, 

the  greasiness  and  meagre-  ^  pinguitudo  et  ma^ 

ness  ^  critudo, 

the  compactness  and  porosity  spissitudo  et  rantaSp 

the  hardness  and  softness  durities  et  meUitudo^ 

the  roughness  and  smoothness  asperitas  et  lavor^ 

the  weight  and  lightness  gravztas  et  levitas. 

But  besides  these,  he  reckons  the  following  among 
the  particular  properties   of  Fossils,  by  virtue   of  . 
'which  they  are  either  passive  or  active : 

the  viscidity.  tentovj 

the  flexibility  flexibilitaSy 

the  friability  and  fragility    friabiliias  etfragUitas^ 

the 
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the  thickness  and  thinness    crassities  et  tenuitaSf 
the  ductility  tractabilitas, 

cleaving  fissio^ 

the  iissures  Jissa. 

Quite  at  the  latter  end  he  also  particularly  noticed 
the  shape  and  size  of  Fossils  : 

The  Form, 

1.  Indeterminate^ 

2.  Tabular, 
8.  Bound f 

perfectly  globular  figura  glohi  absolutif 

compressed  globular  /.  globi  compressi^ 


Semi-globular 

f.  globi  dimidiatif 

cylindrical 

f.  cylindrical 

conical 

f.  metiSy 

turbinated 

f.  turbinis. 

J 

4.  Angular  r 

triangular 

Jigura  triangula^ 

quadrangular 

f.  quadrata^ 

pentangular 

f.  quinque  angulis^ 

hexangular 

f.  sexangulaj 

polyangular 

f.  pluribus  angtUis 

acuminated 

cum  mucrone» 

5.  Resembling  other  bodies : 

horns 

f.  comun 

the  moon 

f.  luna^ 

hairs 

f.  capillorumy 

iii6  ears 

/.  aurtcularum. 

cells 
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cells  /.  favarum, 

lentils  /,  lentiumy 

the  trunk  of  a  tree  f.  arboris  trunci  simtlis^ 

darts  /.  sagitt^j 

acorns     ,  f.  glandis. 

6.  Appears  in  the  fracture  or  internally. 

7.  Marked  with  lines,   and  resembling 

eyes  /.  oculif 

stars  /.  stellarum, 

fishes  f  piscium, 

animals  f  animaliumy 

representing  moun- )    ^  .  „. 

,     „.      I  /.  montium  et  convalhum* 
tains  and  Tallies  ) 

bushes  f  nemprumj 

rivers  /.  fluminum. 

The  Magnitude, 

Of  each  of  these  characters  he  has  mentioned 
the  differences,  and  added  examples  of  Fossils  by 
ivay  of  illustration.  Although  Agricola  has  done 
as  much  in  this  system  as  could  be  possibly  expect- 
ed from  him  at  that  time,  it  is,  nevertheless,  (be- 
ing the  first  attempt  of  the  kind,)  very  imperfect: 
many  Elxternal  Characters  are  wanting,  and  seve- 
ral noticed  which  are  not  properly  characters. 
Besides,  they  are  neither  arranged  in  a  good 
order,  nor  defined  by  explanations.  His  descrip* 
tiona  of  Fossils  are  also  very  incomplete. 

§.  25. 
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§.  25. 

After  Agricolay  two  centuries  elapsed  in  which 
nothing  particular  occurred  with  respect  to  Exter- 
nal Characters,  except  that  they  were  applied  by 
some  mineralogists  to  the  classification  of  Fossils^ 
and  particularly  of  Earths  and  Stones.  It  so  hap- 
pened that  these  Mineralogists  were  also  Botanists 
and  Zoologists^  and  therefore  wished  to  introduce 
into  mineralogy  the  methods  of  Botany  and  2k>o- 
logy.  Among  these  Gesner*  and  Scheuchzerf  may 
be  particularly  noticed.  They  have  had  many 
followers  in  succeeding^  and  even  in  the  present 
times. 

§.  26. 

When  at  length  in  our  times,  Mineralogy  in  ge- 
neraly  and  Oryctognosy  in  particular,  began  to 
flourish,  among  the  many  publications  that  appear- 
ed on  this  science,  there  were  several  which  treat- 
ed either  partially  or  wholly  of  the  External  Cba- 
ractra's  of  Fossils.  The  first  particular  Treatise  on 
this  subject  was  produced  by  professor  Hausen,  in 
the  year  1737 ;  X  but  as  the  author  had  solely  the 
da8sifi<!atioit  of  Fossils  in  view,  the  greater  part 
of  the  characters  are  .only  noticed  in  an  inciden- 
tal 

•  Conr.  Gesnerus  de  figoris  lapidam. — Hguri   1565-4. 

t  Joh.  Jac  Scheuchzcr,  Mcteorologia  et  oryctographia  Hchre^ 
lica- — ^Tiguri  1 718-4. 

t  Chr.  Aug.  Hauseoii  Prog,  ad  tolcnnia  promodoiu— Mag^ 
Lipsis  z  737-4* 


• 
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tat  manner,  and  merely  the  lustre,  the  structure^ 
and  the  parts  into  which  Fossils  divide  in  breaking 
are  considered  in  detail,  as  being  adapted  to  his 
purpose.  It  appears  to  fne,  however,  that  the 
distinctions  of  the  author  are  oftentimes  not  suffi- 
ciently discriminative,  and  at  other  times  too  suIk* 
tae. 

§.  27. 

WalUrius  was  the  first  who,  in  his  Mineral- 
riket/^  published  the  year  1747,  gave  more  com- 
plete descriptions  of  Fossils  according  to  External 
Characters,  than  any  that  had  been  received  to 
that  time ;  hence  amidst  the  number  of  Mineralo* 
gists  who  succeeded  him,  some  are  to  be  met  with 
(among  whom  Cartheuserf  and  BomareX  deserve 
particular  notice),  whose  descriptions  are  still  more 
complete,  and  since  their  time  Oryctognostical 
books  in  general  are,  in  this  respect,  considerably 
distinguished  from  the  precedinjg.  But  we  may 
still  object  to  the  descriptions,  both  of  the  former 
and  of  the  latter:  1st.  that  they  are  incomplete; 
characters  being  wanting  that  actually  appertain  to 
them:  2dly.  that  they  are  not  sufficiently  distinct 
and  defined;  neither  of  these  Mineralogists  having 
previously  arranged  the  External  Characters,  which 
he  employs,  in  a  system,   which  would  then  have 

been 

^Joan  Gottsch.  WaUerii  Mineral-rickeL— -Holm   1747-8. 

t  Frid.  Aug.  Cartheuteri  Elementa  Mineralogis,  F^f.  ad  Viadn 

*     fVaSmoDt  de  Bomarc,  Minenaogie.  ^  BvU  x76a-8. 
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been  his  constant  guide  in  his  descriptions;  nor 
having  previously  defined  and  explained  them,  so 
that  it  might  be  known  what  was  understood  by 
this  or  that  character :  3dly.  and  lastly,  that  each 
of  them,  in  order  to  express  one  or  the  other 
character,  has  appropriated  to  the  same  a  different^ 
nay  sometimes  more  than  one  different  denomina- 
tion. 

The  second  work,  that  treats  in  particular  of  this 
subject,  proceeded  from  Dr,  Gehler  in  the  year 
1757,  being  a  dissertation  de  characterifms  FossU 
Hum  extemis.  The  author  has  classed  them  after 
the  five  senses,  and  gives  the  following  notices: 

1.  The  Smell, 

arising  spontaneously    sponte  enascens, 
arising  from  attrition!    attritu  s.  defiagrando  enas-- 
or  combustion       3 

2.  The  Hearing, 

the  crackling  crepitusy 

the  ringing  sonus  quern  edunt  percussi^ 

3-  The  Taste, 

4.  The  Touch, 

smooth  and  rough  litve  et  asperumf 

ft 

greasy  and  meagre        ptngue  et  macruntf 
friable  and  solid  friabik  et  densuw, 

.  light  and  beavy  leve  at  grceve. 

5*  Th6 


cens, 
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5.  The  Sight, 

the  colour  color, 

the  size  magnitude, 

the  specific  gravity       gravitas  specifica, 

the  ductility  &  fragility  ductilitas  et  fragUUas^ 

the  transnarency  and  )      „     . . . 

''         >  peUucidttas  et  opacitas^ 
opacity  3 

the  hardness  durities, 

the  external  shape        figura  seu  forma. 

§.  29. 
Hitherto  Agricola  has  been  followed  by  Lin^ 
fueus  alone,  who,  in  the  last  much  improved  edi« 
tion  of  his  Systema  Natural,  has  at  the  begin- 
ning of  his  Mineralogy,  which  forms  the  third  part 
of  his  system,  considered  and  defined  most  of  those 
characters,  of  which  he  afterwards  makes  use  in 
the  description  of  Fossils. 

But  the  order,  if  such  it  may  be  called,  in 
which  they  are  arranged,  is  not  to  be  applauded; 
and  in  the  next  place,  they  are  not  comfrfetet 
many  being  deficient:  besides  most  of  the  expli^ 
Mtions  of  the  characters  are  too  concise,  and  con- 
sequently obscure  and  unintelligible ;  and  lastly, 
illustrations  by  examples,  which  are  so  serviceable 
in  rendering  the  explications  clear  and  intelligible, 
are  wanting.  Those  External  Characters,  which 
Linnseos  considers  in  his  Mineralogy  under  the  ar- 
ticle of  Words  of  Arty  are  the  following  : — 

c  1.  The 

*  CaroUa  Liiui6  Syetema  uituraB,  HolmiXy  1768,  Sro.  Tom.  nt. 
•  S9  tc  30. 
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History  of  the 


I.  The  external  form. 


of  an  indeterminate  form    amorphum^ 

crystalline 

crystaUinumf 

cubical 

tesselatumi 

prismaticdl 

prisma,  s.  columnaf 

pyramidal 

pyramis. 

lenticular 

Icntiformej 

nodular 

nodzUosumf 

kidney  form 

rcniformej 

even 

planum. 

4 

2. 

The  Coating, 

shelly 

cmstosunif 

cortical 

corticosumj 

concentric 

concentricum, 

kernelly 

embryo. 

3. 

The  Surface, 

superficial 

superficiale^ 

rough 

scabrum. 

smooth 

lave. 

shining 

•-'    mtidumf 

glimmering 

micans. 

4. 

The  Particles, 

compact 

compactum. 

impalpable 

impalpabile. 

dusty 

puhendentum. 

arenaceous 

arenosum. 

granular 

granulaium, 

S.  The 
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5.  The  Fibres, 


fidres   resembling  ears 
of  Com 

interlaced  fibrous 

parallel  fibrous 

scaly 


acerosuiUp 

decussatum, 
Jibrosum, 
squamosum  9 


6.  The  Structure, 

foliated  memhranaceum^ 

fissile  fissiUy 

diverging  from  the  centre  concentratum, 

consisting  of  fragments  fragmentis, 

!•  The  Hardness, 


striking  fire 

(capable  of  being  scraped 

firm 

fragile 

sectile 

friable 

brittle 

flexible 

malleable 

staining 

staining  and  marking 

giving  a  streak 

giving  a  white  streak 
a  red  streak 
a  black  streak 


scintillansy 

rasilcy 

durum^ 

fragOtj 

sectile, 

friabikj 

rigidumi 

flexile^ 

fnalleabile, 

inquinansy  , 

inqtiinam  scriptura, 

inquinans  tritura, 

tritura  alba, 

tritura  iiibra, 

tritura  nigra  ^ 

2  8.  The 


V 
.  ..?; 


M 


Hisicnry  of  ike 


t.  Thfe  Colour, 


opaqtre 

scmi-transparenC 
transparent 
colourless 

coloured 

• 

reflects  the  rays 
refracts  <jie  rays 


OpdCUTUlf 

diaphammif 

peUticidumy 

hyalinumf 

tinctum, 

reflexioy 

refractioy 


Linnaus  has  acquired  no  small  degree  of  repdk 
tation  by  his  exact  determination  of  the  Crystal- 
lizations of  Fossils,  nearly  all  of  which,  before  hitf 
time,  if  not  as  ob^rioaB  as  the  Cube,  were  called 
polyedral ;  it  were  only  to  be  wished  that  succeed- 
ing Mineralogists  bad  taken  the  proper  adrantage 
of  the  pains  bestowed  on  this  subject.*  The  Author 
treats  of  the  Crystallizations  in  particular  at  the 
end  of  his  Mineralogy,  and  determines  them  in  a 
three-fold  manner:  1.  by  giving  the  number  and 
form  of  the  sides  of  a  Crystal :  2.  by  bringing  all 
Crystals  under  two  principal  genera,  one  of  which 
be  calls  prismatical  (columnar),  namely  those  whose 
form  extends  in  length  ;  the  other  cubical  (tesseras), 
namely  those  whose  form  is  generally  of  equal 
length,  byeadtb>  and  thickness,    and  consequently 

presents 

*  It  is  but  justice  to  remark  that  w^en  this  was  written,  Mr. 
Werner  was  unacquaiated  with  the  ingenious  and  deborate  Crys* 
taUographie  of  Rome  de  risle,  of  which  the  first  edttion  appeanJ 

lit  X77».     TRAKSLATOIU 
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presents  nearly  a  globular  appearance :  3.  by  en- 
deavouring to  compare  all  Crystals  with  the  Crystals 
cf  Salts,  mnd  accordingly  as  thty  %gree  with  one  or 
tl»  other,  apprttpriatiDg  to  them  the  same  name* 
The  Author  meotioiia  fire  kinds  of  known  Salts^ 
under  which,  on  account  of  their  coincidence  in 
figure,  he  arranges  most  of  the  CyrstalUzaiions  of 
the  Mineral  Kingdom;  these  9xe Natron,  Nitre, 
Ahmij  C&mrnon  Sali^  and  Vitriol;  those  Crystals 
'which  cannot  be  brought  under  any  of  thege  8»lts» 
the  Author  suf^^oses  to  appertain  to,  and  to  hava 
received  their  form  from  a  peculiar  kind  of  Salt 
us  yet  unknown^*  Though  k  is  so  far  useful  to 
compare  the  Crystals  of  Fossils  with  those  of 
known  Salts,  as  thereby  the  description  of  the 
former  i»  rendered  more  clear  and  intelligible; 
I  nevertheless  entertain  niany  doubts  of  the  truth 
of  the  position — ^that  the  Salt  which  coincides  in 
figure  with  a  crystallized  Fossil,'  shall  also  be  ih% 
cause  of  the  figure  of  this  Crystallisation. 

With  respect  to  the  descriptions  of  Fossils,  ac« 
cordiiig  to  External  Characters,  I  find  it  here  also 
necessary  to  observe  what  I  have  already  said  of 
pU  others,  that  they  svre  still  very  incomplete* 

§^  30.  Peithner 


»  fc  » lAm»  MmmUte*  AetdoB^CM.     YoL  L  dimrt.  de  Gryv 
filinniin  gpicnikm    Eciyoad.  Uartiao  Ka/sbkr,  Holm,  i; jo-^ 
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§.  30. 

Feithner^  an<f  SiUf  are  tiie  first,  who,  in  their 
systems  of.  Mineralogy,  have  attempted  a  Tabular 
Arrangement  of  those  External  Characters,  by 
which  they  would  communicate  the  External  con- 
ception of  a  Fossil. 

For  this  purpose  Peithner  employs  seven  co^ 
himns,  of  which,*  however,  the  one  or  the.  other, 
when  superfluous,  is  omitted  in  several  of  the 
Tables;  the  first  of  these  columns  contains  the 
colour^  the  second  the  transparency^  the  third  the 
form,  the  fourth  the  taste,  the  fifth  the  smell,  the 
sixth  the  weight,  the  seventh  internal  properties 
and  effects,  discovered  by  different  experiments  j  in 
which  latter  are  also  fre(iuently  placed  several 
External  Characters,  which  cannot  be  brought 
imder  the  preceding,  as  the  hardness,  the  solidity, 
the  streak,  the  stain,  and  others.  Before  these 
columns  the  author  places  the  names  of  the  varie- 
ties to  be  described,  and  which  are  already  arrang- 
ed in  a  system,  following  each  other  in  a  natural 
order;  in  the  columns  themselves  are  placed,  in  a 
line  with  the  name  of  the  Fossil  and  under  the 
abovementioned  heads,  those  External  Character^ 
^hich  are   to  constitute  its  External    conception. 

But 

*Joli.  Thad.  Peithner*«,  crste  Grunde  der  BergwerkKwrnen- 
ichaftcD,  zwote  abhaadlim^  ^bcr  die  KGneralogie,  Prag.  17704^ 

f  J.  Hill.    Fossils  arranged  accordiflg  to  their  obvioui  clu^ 
cactcri.     Londoiii  1771-8. 
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But  here  I  must  observe,  that  the  Exteroal  Cha- 
racterS)  employed  by  Peithner  for  the  determina- 
tion of  Fossils,  are  oot  sufficient  to  impart  com- 
plete External  conceptions  of  them ;  that  these 
External  Characters  should  have  been  previously 
explained,  in  order  clearly  to  ascertain  the  idea 
which  the  author  attaches  to  each;  that  the  or^ 
der  in  which  they  are  arranged  is  not  the  best; 
and  lastly,  that  under  one  head,  instead  of  the 
proper  character,  another  is  very  often  placed, 
which  does  not  at  all  belong  to  it,  as  e.  g.  under 
transparency-^the  lustre;  under  form — the  struc- 
ture. 

In  HilCs  Mineralogy,  the  External  Qharacters 
are  arranged  in  six  c^ltmins,  of  which  the  first 
contains  the  form^  the  second  the  hardness^  the 
third  the  weighty  the  fourth  the  surface^  the  fifth 
the  colour^  the  sixth  particular  properties;  in 
which  latter  also  are  usually  placed,  the  transpa^ 
remyj  the  smelly  the  tasie^  or  some  other  Exter- 
nal Character '  which  could  not  be  brought  under 
the  foregoing  heads:  and  those  External  Charac- 
ters which  are  to  convey  the  External  conception 
of  a  species  of  Fossils,  are  always  placed  in  the 
columns  in  a  line  with  each  other,  and  above  is 
the  name  of  the  species.  The  author,  however, 
employs  too  few  External  Characters  to  impart 
perfect  External  conceptions  of  Fossils;  besides, 
they  are  too  indeterminate,  and  very  ill  arranged: 
characters   are    also   frequently  placed   under  one 

bead 


f^  Htstcry  of  i%c 

liea4  which  do  not  beloog  to  it,  and  sonetimei 
such  as  are  no  characters  at  all— e.  g.  who  would 
consider  on  inspecting  a  whole  coHectioD^  or  even 
•  single  specimen,  whether  the  species  constituted 
jsntire  mountains,  or  occurred  in  beds  or  layers; 
and  yet  this  the  author  {daces  under  the  head  of 
the  External  Form. 

However,  this  method,  if  brought  to  perfection^ 
would  not  be  without  its  use^  for  in  the  External 
descriptions  of  Fossils,  ii  would  fXNMtantly  dfarect 
us  to  the  observance  of  one  and  the  tame  order  f 
and  in  the  •descriptions  themselves  the  determina* 
tion  of  the  External  Characters  might  be  rendered 
much  more  concise.  This  object  has  been  attam-> 
cd  by  both  these  authors,  and  they  are,  therefore, 
to  be  preferred  to  all  those  who  have  preceded, 
or  followed  them.  On  the  other  hand,  however^ 
several  inconveniences  occur ;  the  Tables,  if  made 
Biore  complete,  and  consequently  more  extensive, 
would  require  a  much  larger,  nay  too  large  a 
form,  and  frequently,  where  a  more  copious  ex* 
pression  would  be  necessary,  it  could  not  take 
place ;  whereas  it  is  my  settled  opinion,  that  with  re- 
gard to  descriptions,  it  is  much  better  to  be  dif* 
fuse  in ,  expression,  than,  for  the  pake  of  brevity, 
to  prove  obscure  and  unintelligible* 

§.  31.  ^ 

Very  recently  Wallcrius*,  (of  whom  we  have 
already  had  occasion  to  make  honourable  mention,) 

has 
*  Joh.  Ctottftcb.  Wallcrii  STitcma  Miacralo^cum,  Holaisi  X77vli 
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hu  produced  his  Systema  Miner^logicum,  which 
\re  may  pronounce  to  be  the  most  complete  that 
has  hitherto  appeared,  not  only  as  to  Mineralogy 
in  general,  but  particularly  in  the  description^^ 
Fossils  according  to  External  Characters.  I  must, 
nevertheless,  still  observe,  that  in  his  External  Des« 
criptions  External  Characters  are  frequently  want-- 
ing,  and  that  the  External  Charactecs  contained 
in  the  descriptions  are  neither  ivell  arranged,  nor 
sufficiently  defined* 


\' 


CHAPV 


CHAP.  lU. 

Of  the  Definition  of  the  External  Characters  of 

Fossils, 


§.  32. 


w, 


HAT  External  Characters  are,  and  how  many 
other  kinds  there  are,  has  been  already  mentioned 
in  the  1st  Chapter.  It  was  there  £^lso  shewn  that^ 
with  respect  to  the'  purposes  of  describing  and 
distinguishing  Fossils,  the  External  Characters  are 
preferable  to  the  other,  and  hence  are  those  which 
peculiarly  appertain  to  Oryctognosy.  But  to  ap- 
ply them  to  the  description  of  Fossils,  and  to  the 
External,  or  Oryctognosticat  knowledge  of  them 
to  be  derived  from  the  descriptions,  necessarily 
requires — that  they  be  defined  as  accurately  as  pos^ 
sible. 

§.  33. 

For  how  can  a  student  in  Oryctognosy  obtain 
correct  External  conceptions  of  Fossils  from  their 
descriptions,  if  unacquainted  with  the  true  mean- 
ing of  the  different  External  Characters  which  are 
the  foundation  of  those  descriptions  ?  This  indefi* 
nitcness  is  still  increased  when  Oryctognosticat 
writers  bestow  different  denominations  on  the  same 
character,  so  that  two  different  persons  frequently 

form 
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form  very  different  conceptioDs  of  the  same  deno- 
^  Biioation ;    nay,   sometimes  a   Mineralogist   applies 
cvep  several  denominations  to  the  same  character, 
and  one  denomination  to  different  characters.    This 
indefinite  application  of  the  External  Characters  is 
a  principal  cause  of  their  imperfection,  and  of  the 
consequent  inutility  of  the  descriptions  of  Fossils: 
on  the  contrary,   the   descriptions   ^vould   have  at* 
tained  perfection  had  the  External  Characters  beea 
as  well  defined  as  they  are  arranged  and  complete. 
In    Mathematics    the    method    of    teaching    owes 
great  part  of  its  perfection   to  the   definition  of 
terms;  for  here  all  combine  the  same  ideas  with  a 
sum,  a  line,  or  an  angle,  and  again  all  apply  the 
same  denomination  to  one  idea.      If  then  Minera- 
logists would   unite,   with  a  view  to  render  Oryc- 
tognosy,  in  this  respect,  ^s  nearly- similar  as  possi* 
ble  to  Mathematics,  what    advantages   ipight  not 
ibi^  science  derive  from  their  endeavours? 

§.  34, 

The  definition  of  the  External  Characters  of 
Fossils  in  general,  requires,  1st.  that  we  know 
what  External  Characters  are ;  2d.  how  many  their 
number;  3d.  that  we  apply  to  each  an  appropriate 
and  determinate  denomination;  4th.  that  we  give 
of  each  the  proper  and  adequate  conception ;  and 
5th.  that  we  endeavour  to  shew  the  relations  in 
T^hich  they  stand  to  each  other. 

What 


99  Of  the  DefiniHon  of  the 

§.  35. 

What  External  Characters  of  Fossils  are^  may  * 
be  found  in  the  commencement  of  the  1st.  Cllap« 
ter  of  this  Treatise.  The  conception  which  was 
there  given  of  them  will  enable  us,  io  every  des« 
cription  of  a  Fossil  according  to  External  Cha- 
racters, to  omit,  and  divest  it  (in  order  to  ren^ 
der  it  the  more  clear)  of  whatever  does  not  belong 

to  it. 

§.  36. 

The  number  of  External  Characters  may  be 
learned,  1st.  by  collecting  all  those  which  have 
hitherto  been  made  known  and  employed  by  Oryc- 
tognostical  Writers;  and  2d.  by  discovering  in  the 
Fossils  themselves  those  which  remain,  by  diligent 
comparisons.  In  the  system  contained  in  the  an< 
nexed  Tables,  and  which  I  shall  follow  in  the 
course  of  their  explication,  I  have  endeavoured 
to  determine  their  number  as  precisely  as  possi- 
ble. It  is  on  this  accuracy  in  the  determination 
pf  their  number  that  the  completeness  of  the  Ex- 
ternal descriptions  of  Fossils,  or  of  their  External 
f:onceptions,  depends;  for  if  a  correct  External 
conception  of  a  Fossi^  shall  include  every  diffe- 
rence^ perceptible  in  the  Fossil  by  the  senses  (and 
these  are  its  External  Characters,)  the  conception 
will  be  incomplete  if  it  do  not  include  all  the 
differences  which  distinguish  this  Fossil  from  others^ 

« 

9r  may  distinguish  it  froni  Fossils  perhaps  as  yet 
unknown :  but  how  can  a  Mineralogist  be  assured^ 

that 
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tbat  the  External  conception  of  a  Fossil,  convey- 
ed by  him  through  its  description,  includes  all  its 
External  Characters,  if  unacquainted  with  the  num« 
ber  which  it  is  possible  to  discover  in  a  Fossil? 
As  on  the  eae  hand,  the  conception  of  what  Ex- 
ternal  Characters  are,  ensures  to  us  the  c^tainty  > 
«f  ilot  saying  too  much  in  descriptions  founded 
upon  them,  so  on  the  other  hand,  die  knowledge 
•f  the  number  of  External  Characters  will  obviate 
the  poMibility  of  sajing  too  little. 

§.  37. 

• 

iTht  denomination  of  a  character  is  appropriate 
ii  k  fuUy  express  its  quality,  and  that  which  dis« 
tinguishes  ii  from  others  of  its  qpecies  or  genus  ^ 
wad  determinate,  if  it  be  the  wly  pne  appUed  to 
tme  cbarftcter.  It  is. the  more  necessary  to  be 
particular  in  the  chbice  of  the  former,  as  it  is  in 
some  measure  the  foundation  of  the  latter.  Where 
die  denomination  is  m^ely  optional,  it  will  be, 
ittfficieDi  to  adopt  those  which  have  been  in  most 
coamon  use  with  eminent  Mineralogists*  I  also^ 
find  it  necessary  to  observe,  that  the  denomination 
should  always  be  written  according  to  the  best 
idiom  of  the  language*  These  are  the  rules  which 
2  shall  myself  follow  in  giving  denominations  to 
characters;  I  shall  not  fail,  however,  to  notice  in 
their  proper  places  such  as  are  defective  or  syno* 
nimous.  The  advantages  which  result  from  appro* 
priate  and  determinate  denominations,  and  the  un- 
certainty 
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certainty  and  confusion  which  proceed  from  the 
contrary,  have  already  been  sufficiently  shewn  in 
§•  33. 

§.  38. 

The  adequate  conception  of  an  External  Character 
may  be  conveyed  by  a  correct  and  clear  explication. 
But,  as  full  and  proper  explications  of  the  External 
Characters  are  attended  with  some  difficulty,  their 
conceptions  being  frequently  intimately  connected 
with  each  other,  it  is  useful  to  analyse  the  complex 
characters,  in  order  to  render  the  conceptions  of 
them  as  simple  as  possible,  and  then  to  explain  the 
conceptions  of  the  simple,  characters  onlj'.  Com- 
plex External  Characters  are  such  as  consist  of  two 
or  more  simple  characters,  as  e.  g.  scorious ;  here 
the  conception  of  a  conchoidal  fracture  is  united 
with  that  of  lustre  ;  specular — here  the  conception  of 
a  strong  lustre  is  combined  with  that  of  an  even 
surface  ;  vitreous — when  the  conception  of  lustre  is 
connected  with  those  of  transparency  and  a  splintery 
fracture  :  and  as  all  the  simple  characters,  of  which 
these  complex  consist,  are  in  their  own  nature 
transitory  or  passing  into  others^  as  e.  g.  lustre 
which  passes  into  dullness ;  splintery  into  even  ; 
and  this  again  into  conchoidal ;  this  difficulty  must 
be  considerably  increased  when  many  such  simple 
characters  are  complicated  in  one.*  In  respect  to 
the  perspicuity  of  the  explications  themselves,  they 

may 

*  The  proper  course  to  be  punued  in  descnptioas  with  complex 
character!  will  be  pointed  out  in  the  5th  Chapter. 
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■lay  be  considerably  assisted  by  well  selected  illus^ 
trative  examples.  Well  selected  examples  are  those 
in  which  the  character  to  be  illustrated  does  not 
pass  into  another  nearly  allied  to  it,  as  in^the 
firous  where  it  passes  into  the  striated  or  into  ther 
compact;  but  rather,  in  which  it  is  best  and  most 
clearly  to  be  perceived.  We  should  also  in  these 
explications  cautiously  ayoid  employing  brevity  at 
tbeexpence  of  perspicuity. 

Id  the  explications  of  the  External  Characters 
which  are  contained  in  systematic  order  in  ther 
following  Chapter  I  shall,  as  faf  as  possible,,  ex-^ 
hibit  no  other  than  simple  characters ;  (such,  how-> 
ever,  as  are  complexy  I  shall  notice  in  their  proper 
places;)  and  in  every  explicatioD,  I  shall,  if  prac« 
ticable,  adduce  at  least  3  fossils  as  illustrative  ex> 
amples  of  the  character  to  be  explained. 

The  advantages  which  good  explications,  ac« 
companied  by  illustrative  examples,  afford  to  the 
definition  of  the  External  Characters,  and  to  the 
consequent  intelligibility  and  utility  of  the  de- 
scriptions of  fossils  founded  on  these  characters, 
have  already  been  sufficiently  shewn,  and  are  in 
themselves  so  obvious,  that  to  make  any  further 
comment  would  be  unnecessary. 

§.  39.  ' 

The  relations  in  which  External  Characters  stand 
to  each  other  may  be  best  made  known  by  classing 
them  in  a  coiPrect  system,  i.  e.  by  distributing  them 

into 
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into  their  Genera  and  Species,  and  arranging  these 
according  to   their  natural  order.     Bat  Genera  of 
External  Characters,  or  gtneric  characters y  are  those 
which  direct  us  to  what  is  to  be  determmed  in  a 
fossil,  such  are  Ccdour,  Cohesion  of  the  particle^ 
Weight,    Taste,    &c.      Thus  in    saying    Copper* 
Pyrites  has  a  colour,  I  have  not  determined  any 
thing,  bat  merely  pointed  out  what  is  to  be  de- 
termined.   Again  Generic  Characters  are  comrmti 
and  particular  ;  common  arsr  those  which  point  xmt 
what  is  to  be  determined  in  every  fossil,  and  par- 
tiadoTj  what  is  to  be  determined  in  oTie  hramh  qf 
fossUs  only;  of  the  former,  those  adduced  above 
may  serve  as  an  example;  of  the  latter,  we  may 
notice  solidity^  sound,  &c.  which  are  solely  appli* 
o^Ie  to  one  branch  of  fossils,  viz.  the  solid.'  Specie^ 
of  External  Characters,  or  specific  characters,  are 
those  which  determine  what  may  be  said  of  a  fossil 
with  respect  to  a  generic  character;  as  e.  g.,  ii» 
saying  that   Copper^Pyrites,   with    respect    to    ita 
colour,  is  yellow  ;  or,  with  respect  to  its  hardness, 
is  halfJiard.     It  ia  from  these  specific  characters 
that  we  form  the  External  conoeption  of  a  fos|piI» 
and  that  we  frame  its  External  description ;  whereia 
the  generic    characters  serve   merely  to  class  tbs 
apeciiic  under  Genera  in  the  System,  and  to  indi- 
cate those  for  which  we  are  to  seek  ;  lastly,  varieties 
are  those  by  which  a  fossil  is  accurately  determined 
with  respect  to  a  specific  character,  as  e.  g.  in  say* 
log  that  Copper-Pyrites  is  brass-yellow,  or  that  the 

Diamond, 
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IMamond,  in  respsct  to  hardness,  is  extrerneh/  hard : 
for,  since  specific  characters  have  often  several 
varieties,  and  fossils  are  frequently  distinguished 
merely  by  one  variety,  it  becomes  necessary,  in  . 
order  to  determine  'a  fossil  with  respect  to  one  or 
the  other  generic  char^^cter,  not  only  to  mention 
the  specific  character,  but  also  the  variety. 

Ad  arrangement  of  all  these  External  Characters 
according  to  a  natural  order  necessarily  requires  a 
previous  determination  of  the  natural  order ;  as 
however  the  External  Characters  of  fossils  are  aU 
those  diSerences  or  distinctions  which  we  perceive 
in  them  by  means  of  our  senses,  their  most  iiatural 
order  will  of  course  be  that  in  which  these  dis- 
tinctions present  themselves  to  our  senses,  and 
become  subject  to  observation.  This  is  the  principle 
according  to  which  all  generic  characters  should 
be  arranged.  But,  to  determine  the  order  of  the 
specific  characters  and  their  varieties ;  accordingly 
as  they  belong  to  this  or  that  generic  character  (as 
they  cannot  be*  arranged  according  to  the  above 
inentioned  principle,  because  of  those  which  belong 
to  one  Genus  there  is  never  more  than  one  found 
as  a  difference  of  this  Genus)-«-we  must  seek  some 
other  principle  ;  and  this  will  not  be  difficicult  to 
discover,  if  we  consider  their  nature  :  For  as  all 
specific  characters  are  merely  the  differences  or  vari* 
eties  of  a  generic  character,  that  order  will  surely 
be  the  most  natural  in  which  the  generic  character 
varies,  and  in  which  they  pass  one  into  the  other.-— 

D  This 
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This  .abo  holds  good  with  respect  to  the  wmeties 
of  the  speoific  cbarocten. 

In  9  system  y  therefore,  of  the  Extenud  Characters 
of  fossils,  all  the  varieties  will  be  arranged  under 
their  species,  the  corresponding  species  under  their 
commoo,  or  particular  genera,  and  the  particular 
genera  under  the  one  or  the  other  common  genus 
to  which  they  belong ;  secondly^  all  genera  or  gene- 
tic characters  will  follow  each  other  in  the  order 
in  which  diey  present  themselves  to  our  senses ;  so 
that  those  which  the  Eye  observes  stand  first :  for 
we  much  sooner  see  a  fossil  than  examine  it  by 
the  touch,  or  any  other  sense.  Among  these  again, 
the  colour  will  occupy  the  foremost  rank,  as  we 
much  sooner  perceive  and  distinguish  the  colour 
than  the  external  form,  &c.  In  conformity  to  this 
principle,  after  those  which  strike  the  eye  those 
will  follow  which  are  observed  by  the  Touch*;  and 
'  lastly  those  which  belong  to  the  Smell  or  the  Taste. 
Thirdl^j  all  specific  characters  and  varieties  will 
follow  in  the  order  of  their  transitions,  or  in  which 
they  pass  one  into  the  other ;  as  e.  g.  in  the  frac- 
ture— ^to  the  fibrous  will  succeed  the  striated^  the 
foliated,  the  slaty,  and  then  the  compact.  It  is  in 
conformity  with  these  principles  that  I  have  com- 
posed my  system  of  External  Characters,  contained 
in  the  annexed  tables. 

The  advantage  of  such  a  system  is^  in  general, 
to  make  us  better  acquainted  with  the  nature  of 
External  Characters^  and  to  render  them  intelligible; 

and 
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and  in  particular,  to  serve  as  a  guide  in  forming 
External  cbnceptions  of  Fossils,  and  in  framing  de- 
scriptions founded  upon  them,  by  which  the  dis- 
corery  of  the  External  Characters  is  not  only  fa- 
cilitated, and  the  possibility  of  omitting  any  .6ne 
prevented,  but  also  in  the  description  itself  the  one 
often  elucidates  the  other,  and  greatly  assists  in  re- 
taining the  conceptions. 

§.40. 

As  I  believe  my  readers  have  been  sufficiently 
informed  what  External  Characters  are ;  in  what 
manner  they  should  be  explained  ;  and  wh^i^in 
the  deficiency  in  this  respect  has  hitherto  consisted  ; 
I  shall  now  proceed  to  the  explication  of  each  io 
particular. 


CHA?^ 


CHAP.    IV. 


Explitation  of  the  External  Characters  of  Fossils, 


I.  The  Colour. 


§.  41. 


Ai 


.MONG  the  common  generic  characters  of. 
Fossils,  the"  Colour  is  the  Jirst  which  strikes  the 
senses.  It  is  also  one  of  the  most  certain  cha- 
racters:  for  among  others  it  serves  as  the  princi- 
pal distinguishing  mark  of  most  Ores,  Inflamma- 
ble Substances,  and  Salts.  Who  knows  not  how 
easily  Native-Gold,  Native-Silver,  Vitreous  and 
Corneous-Silver-Ores,  Copper-Pyrites,  Vitreous- 
Copper-Ore,  Specular-Iron-Ore,  Sparry-Iron-Ore, 
Galena,  Tin-Stone,  Sulphurated-Bismuth,  Striated 
Red-Cobalt-Ore,  Arsenical  and  Martial-Pyrites, 
Natural  Sulphur,  Pit-Coal,  Mineral-Pitch,  Alumi- 
nous-Shale, &c«  are  distinguished  by  the  Colour? 
besides  many  others  whose  names  are  derived  from 
it,  as  Red-Silver-Ore,  Red,  Green,  and  White- 
Lead-Ores,  Brown-Iron-Stone,  Blue-Martial-Earth, 
Red-Antimonial-Ore,  Yellow-Blende,  Grey-Cobalt- 
Ore,  &c.     Now,  although  the  Colour  is  less  to  be 

depended 
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depended  iipon,  in  Earths  and  Stones'^;  it  never- 
theless renders  a  great  part  of  them  distinguisha- 
ble :  for,  various  species  of  Silex  are  distinguish- 
ed by  it^  as  also  of  the  muriatic  Genus,  which 
are  in  ji  great  measure  distinguished  by  their 
green,  or  greenish- white  Colour ;  and  likewise 
Swine-stone  by  its  brown  Colour,  which  is  a  tran- 
sition from  light  to  dark-brown,  not  to  mention 
many  others. 

Those  Mineralogists  therefore  err  who  consider- 
the  Colour  as  an  uncertain  distinctive  character  of 
Fossils ;  it  is  true  that  alone  it  is  not  sufficient  to 
distinguish  Fossik  from  each  other,  but  this  also 
holds  good  with  every  External  Character,  and 
it  is  the  totality  only  of  all  the  possible  External 
Characters  of  a  Fossil  that  constitutes  the  distinc.. 
tive  conception   of  its  Exterior. 

§.  42. 

According  to   the  exact   conception   of    Natural 
Philosophers,  the  Colour  is  that  property  of  a  Fos- 
sil, 

*The  reason  that  Colours  La  Earths  and  Stones  are  some- 
tunes  so  Tariable,  is— that  their  prixnitive  Colour  is  properly 
white,  as  of  Inflammables  it  is  black,  and  of  Metala  Vari^t- 
cd|  and  as  white  is  that  Colour  which,  by  reason  of  iu  clear- 
ness, is  most  easily  and  evidently  changed  by  a  trivial  admix- 
ture of  a  substance  of  another  Colour;  it  happens,  that  when- 
ever  only  a  small  portion  of  inflammable  or  metallic  particles 
enters  into  the  constitution  of  £artl|s  or  Stones,  their  Colours 
are  directly  changed  to  brown,  red,  yellow,  green,  blue,  &c.~r 
Whereas  Metals,  on  the  contrary,  scarcely  become  lighter  from 
a  slight  admixture  of  Earth*  or  darker  from  a  small  portion  of 
inflammable  matter. 
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ail,  as  of  every  other  substance,  which  by  the 
power  of  the  figure,  or  association,  of  its  Mole-* 
cules,  causes  a  different  refraction  of  the  incident 
rays  of  light,  and  hence  produces  a  different  sen- 
sation in  the  eye. 

The  Colours  which  are  observed  in  substances 
in  common  life  have  been  distinguished  into  certain 
principal  colours ;  all  those  which  are  in  ^some  de* 
gree  connected  with  each  other  having  been  brought 
iinder  one  Genus,  and  the  generic  name  of  the 
princ^>aI  colour  having  for  the  greater  part  been 
added  to  the  distinctii>e  name  of  the  species,  as. 
e.  g.  gold-yellow,  grass-green,  brownish-red.  To 
know,  therefore,  the  number  of  the  principal  co- 
lours, and  to  which  each  colour  belongs,  we  need 
only  attend  to  the  difierent  generic  names  of  co- 
lours. There  are  ^A/ principal  colours,  and  these, 
are  whiie,  grey^  black,  blue,  green,  yellow,  red, 
and  brown.* 

§.  43. 

*  I  could  not  here  enter  into  an  adoption  of  the  seven  Co* 
lourt  into  which  the  Solar  ray  is  divided  by  the  Prism  as 
principal  Colours,  nor  into  a  distinction  of  the  Colours  accord- 
ingly as  they  are  either  simple  or  compound ;  nor  could  I  omit 
white  and  black,  the  former  being  considered  as  a  combination 
of  all  colours,  and  the  latter  as  the  mere  privation  of  light  or 
colour:  for  these  are  distinctions  which  pertain  to  the  Theory 
of  Colours  among  Natural  Philosophers,  and  cannot  be  weU 
applied  in  common  life,  in  which  black  is  ranked  among  the 
Colours  as  well  as  white  and  yellow;  and  green,  which  is  mix- 
ed, considered  as  a  principal  colour,  as  weU  as  red  which  is 
simple. 

In  the  adoption  of  the  principal  Colours  enumerated  above 
1  am  countenanced  by  Dr.  Sdueffcfy  who  has  exhibited  tbeai^ 

with 
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§.  43. 

The  Colours  which  are  subordinate  to  these 
eight  principal  colours  vary  much  from  each  other 
accordingly  as  they  are  intermixed. 

Id  order,  therefore,  to  define  these  difierent  ▼»- 
riettes  of  the  principal  Cdours,  we  must  give  to 
each  a  determinate  and  systematic  denomination, 
arrange  it  accordingly  as  it  passes  into  others  Jn 
relation  to  its  composition,  then  determine  the 
composition  itself,  and  lastly  corroborate  and  elu- 
cidate the  explication  by  appropriate  examples  of 
bodies  drawn  in  general  from  nature  and  common 
life,  and  in  particular  from  the  Mineral  kingdom. 
Among  other  natural  bodies,  flowers  which  possess 
Jixed  Colours  serve  as  distinguished  examples.* 

§.  44. 

with  the  exception  of  the  ffrtjt  in  hit  sketch  of  a  general  atM-> 
datioa  of  Goloiin,  Regenspurg  1769  4.  I  am,  however,  joftilied 
in'  adding  the  grej  colour  by  obienring,  that  it  occun  vtrj  fire- 
qncntlj  in  the  Mineral  Kingdom ;  that  the  attempt  to  bring  it 
nnder  any  one  of  the  other  Oolonn  would  be  attended  with 
many  difficulties,  and  that,  if  we  have  respect  to  denominafionf» 
1^  it  is  considered  in  common  life  as  actually  differing  from  the 

others.  Moreover  the  plan  proposed  by  Dr.  SchxSkr  in  the 
same  work  u  good ;  and  were  it  already  executed  and.  exfmdfd 
to  the  Mineral  Kingdom  would  now  come  very  seasonably  to 
my  assistance. 

At  some  future  time  I  may,  perhaps,  take  the  trouble  to 
compose  Maps  of  Colours,  according  to  the  proposed  plan,  for 
the  purpose  of  illustrating  the  Colours  of  F6ssils. 

*  It  is  here  necessary  to  observe^  that  the  Colours  of  many 
Fossils  occur  impure  or  cloudy,  and  of  others  as  transitionSff 
or  as  stronger  or  weaker  approachet  to  other  colours,  and  there- 
§otc  are  not  actnally  the  esact  coloms  here  adopted  and  do- 
lisminatcd. 


4B  Explication  vf  the 

§.  44. 

A  denomination  is  systematic  when  it  not  only 
distinguishes  the  subject  from  other  species^  but 
also  expresses  the  genus  to  which  it  appertains, 
and  thus  unites  the  generic  name  to  that  of  the 
species,  as,  e.  g.  blueish-black,  scarlet-red,  sky- 
blue. 

The  generic  names  of  Colours  are  determinate; 
for  these  are  the  names  of  the  principal  Colours. 
But  the  specific  denominations,  or  the  names  of 
the  species,  are  selected  variously :  sometimes  they 
are  borrowed  from  substances  in  common  life,  as 
e.  g.  milk-white,  sky-blue,  canary-green,  liver- 
brown  'f  to  which  also  those  derived  from  the 
metals  belong,  as  e.  g.  silver-white,  steel-grey, 
gold-yellow ;  sometimes  they  are  taken  from  a 
pointing  Colour  produced  either  singly,  or.  by 
mixture  with  others,  as  e.  g.  indigo-bloe,  azure- 
blue,  verdigris-grecn  ;  and  sometimes  they  are  de-r 
rived  from  the  principal  colour,  on  which  the 
colour  to  be  denominated  verges  by  an  admixture 
with  it,  as  e.  g.  blueish-grey,  yellowish-brown : 
it  is  very  rarely  that  the  name  of  a  person  is 
chosen,  as  e.  g.  Isubella-yeliow.* 

With 

*A8  it  18  rather  uncommon,  it  would  appear  very  singular 
to  deriye  the  denominations  of  new  species  of  colours  from  per- 
sons; and  to  apply  numbers  to  that  purpofe,  as  proposed  by 
'Dr.  Schxfier,  would  not  be  sufficiently  striking,  independently 
of  the  difficulty  of  retaining  them  in  the  memory.  I  conceive 
the  best   mode  to  be  that  already   mentioned)  vi&:  to  borrow 

the 
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With  respect  to  the  denominatioiv  of  colours,  I 
shall  only  farther  remark — that  those  derived  from 
Metals  are  solely  applied  to  fossils  possessing  a 
uietallic  appearance. 

§.  45. 

The  composition  of  these  varieties  of  colours  is 
determined  by  shewing  what  colours  constitute  the 
composition,  and  the  relation  in  which  these  colours 
stand  to  each  other  with  respect  to  intensitj/ :  the 
latter  may  be  accomplished  by  means  of  a  few  de- 
terminate expressions  employed  in  pointing  out  the 
colours  which  occur  in  the  composition.  These 
are — that  the  colour  which  predominates  in  the 
composition,  and  in  consideration  of  which  the 
mixed  colour  has  been  brought  under  one  or  the 
other  principal  colour^  is,  as  the  generic  denomi- 
nation, placed  last ;  and  that  which  has  principally 
altered  it  is,  as  the  denomination  of  the  species^ 
prefixed  to  it  with  the  relative  termination  ish,  at 
e.  g.  blueish-black,  reddish-yellow,  brownish-red : 
if,  however,  the*  latter  be  but  slightly  mixed  with 
the  former  ;  or  that  besides  the  two  usual  colours, 
a  third  enter  into  the  composition  in  a  slight  degree, 
the  expression  inclining  to  is  employed  :  or  if  i( 

shall 

the  dauMninadon  cither  ftxMn  a  subject  in  common  life,  to  which 
the  colour  pccnliarly  and  properly  belougt,  and  which,  if  the 
subject  be  sufficiently  known  in  common  life,  will  senre  as  an 
elucidation;  or,  in  the  want  of  such,  to  derive  the  denomination 
from  the  colonrs  composing  the  mixture,  which,  at  the  same 
lime,  wopld  explain  the  Colour. 


m  '  Brj^caiwn  tf  the 

shall  demonsirate  a  greater  degpree  of  intefisity^  ver- 
ging  on;  as  e.  g.  blue  indiniog  a  little  to  reddish^ 
yeUowish-green  inclining  a  little  to  brown,  red 
verging  on  yellow. 

f  46. 

Colours  may  be  further  determined  by  the  re- 
lation in  which  they  stand  to  each  other  with  re- 
spect to  shade.  Thus,  the  princrpal  colours  differ 
from  one  another  in  shade,  and  we  have  light 
colours  as  white  and  yellow,  and  dark  as  blue  and 
black :  further,  the  varieties  subordinate  to  each 
principal  colour  differ  from  each  other  in  respect 
to  shade,  as  e.  g.  among  the  blue  colours,  indigo- 
blue  is  dark,  azure-blue  clear,  and  sky-blue  light ; 
and  even  each  variety  may  be  distinguished  with 
regard  to  shade,  as  e.  g.  clear  canary-green,  light 
canary-green.  In  general,  however,  four  degrees 
are  adopted  as  distinctions  in  the  shade  of  colours, 
and  tfiese  are  expressed  by  the  words,  dark,  dear, 
light,  pale. 

The  shade  of  colour  frequently  depends  merely 
on  the  transparency  of  fossils  ;  the  paleness  of  a 
fossiVs  colour  being  in  proportion  to  the  degree  of 
its  transparency,  and  its  darkness  in  proportion  to 
its  opacity.  Hence  several  transparent  fossils  possess 
lo  pale  a  colour,  that  several  Oryctognostical 
Writers  have  described  them  as  colourless;  e.  g. 
Bock-crystal,  Diamond,  Specular-Gypsum.  In  this, 
however,  an  error  was  committed  which  rendered 

the 
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* 

the  descriptions  inaccurate ;  for  eyery  fossil,  accord- 

uig  to  the  opinion  we  have  adopted,   necessarily 

possesses  a  colour,  and  which  may  be  easily  dis« 

covered  in  the  very  fossils  described  as  colourless^ 

by  merely  comparing  them  with  each  other.* 

The  greater  or  less  degree  of  Lustre  in  fossils  has 

also  an  influence  on  the  shade  of  their  colours. 

♦ 
I .  The  principal  colours  with  ther  varieties, 

§.  47. 

I  now  proceed  to  the  explication  of  each  princi- 
pal colour  with  its  varieties,  according  to  the  order 
of  their  transitions.  Among  these  the  White  colour 
occupies  the  first  place.  In  Natural  Philosophy  k 
is  on  good  grounds  considered  as  pure  lights  or  the 
sdar  ray  not  divided  into  its  colours.  To  adduce 
the  experiments  which  prove  this  would  lead  me 
too  far  firom  my  subject ;  whoever  wishes  to  read 
them  may  find  them  at  large  in  most  books  treating 
of  Natural  Philosophy.  The  white  colour  is  among 
all  principal  colours  the  clearest ;  and  hence,  in  corn-* 
parison  with  others,  admits  but  a  slight  admixture 
of  another  colour.    I  have  already  remarked,  in  the 

Note 

*  The  word  ewhurku  it  emplojed  in  oryctognosy  in  %  double  scnie : 
iBt  in  f<Mfilt,  which,  by  reason  of  their  transparency,  possets  an  cat- 
traordinary  pale  colour,  it  is  accepted  in  the  foregoing  signification  ; 
and.  several  Mineralogists  apply  it  to  species  of  fossils  which  are 
mott  commonly  found  white,  in  opposition  to  those  ▼arieties  which 
possets  other  colours.  As,  howerer,  in  both  cases,  an  indefinitenesi 
arises  in  the  dctcriptio&s,  it  it  better  not  to  make  use  of  the  ex* 
pccision. 
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Note  to  §.  41|  that  the  White  colours^  the  metallic 
excepted,  appertain  peculiarly  to  Earths  and  Stones. 
We  have^ 

1 .  Snow-white ;  this  is  the  proper  white  colour, 
unmixed  with  any  other.  Among  fossils  it  occurs  in 
snow-white  Quartz,  acicular  White-lead  Ore  from 
GlUcksrad  near  Zellerfeld,  white  coralliform  Stalao* 
tite  from  Styria,  Limestone  from  Carrara. 

2.  Reddish-white ;  here  the  white  colour  is  mixed 
with  some  little  red,  and  through  this  variety  passes 
into  the  red  colour,  viz.  flesh-red  ;  it  is  found  in 
Porcelain  Earth,  reddish  white  Calcareous  Spar,  red- 
dish-white Quartz. 

3.  Yellowish-white ;  in  this  variety  the  white 
colour  is  mixed  with  some  little  yellow,  and  through 
it  passes  into  the  yellow  colour.  Many  call  it  also 
milk-white,  because  it  is  the  colour  of  thick  cream. 
It  is  present  in  White-Amber,  yellowish-white  Stalac* 
tite,  Zeolite,  Chalk. 

4.  Silver-white ;  this  is  a  metalilic  white  colour  in- 
clining a  little  to  yellow.  Its  name  is  derived  from 
Silver,  to  which  it  properly  and  peculiarly  belongs. 
Among  fossils  we  meet  with  it  in  Native-Silver, 
Native-Bismuth,  Arsenical-Pyrites. 

5.  Greyish-white — is  a  white  colour  inclining  rather 
more  than  the  former  to  yellowish-grey.  It  occurs 
chiefly  among  several  kinds  of  Gypsum,  foliated- 
granular  Limetone,  and  Quartz. 

6.  Greenish-white — ^is  a  white  colour  mixed  with 
some    green,    forming   the    transition  from  white 

into 
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into  green,  viz.  into  apple-green.  It  is  found  in 
Talc,  white  Amianthus,  and  the  Calcareous-spar 
reseoibling  Talc  from  the  Mine  Unvcrhofites  GlUck 
near  Schwarzenberg  in  Saxony,  Limestone  from 
the  Alte  Berg  near  Schmalzgrube. 

7.  Milk-white — ^is  a  white  colour  mixed  with  some 
blue. — Its  name  is  borrowed  from  skimmed  milk,  to 
which  this  colour  particularly  belongs.— It  is  pre- 
sent in  Opal,  and  milk-white  Quartz. 

8.  Tinjwhite — ^is  a  metallic  white  colour  inclining 
a  little  to  blue.  It  constitutes  the  transition  from 
the  white  colour  into  lead-grey.  Its  name  is  de- 
rived from  Tin,  in  which  this  colour  peculiarly 
occurs.  In  the  mineral  kingdom,  we  meet  with 
it  in  White-Cobalt-Ore,  Native-Quicksilver,  Arseni* 
eated-Native-Silver,  and  Native-Antimony. 

$.  48. 

Grrejft  the  second  principal  colour,  proceeds  from 
a  mixture  of  white  with  a  little  black ;  hence  it 
constitutes  the  transition  from  the  one  colour  into 
the  other.  Consisting  for  the  greater  part  of  white, 
it  is  one  of  the  palest  of  the  principal  colours.  J 
have  already  given  ray  reasons  for  considering  it  as 
a  distinct  principal  colour  in  the  Note  to  $.  42. 

The  several  varieties  of  grey  arise  accordingly 
as  a  slight  admixture  with  another  principal  colour 
takes  place  ;  they  are  the  following  : 

1.  Lead'grey — this  is  a  metallic  bluish-grey  colour, 
appearing  to  consist  of  steel-grey  with  a  slight  ad- 
mixture 


V 
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mixture  of  aziire-Utie.  Its  name  is  borrowed  frool 
Lead|  to  which  this  Colour  peculiarly  belODgs.  It 
is  one  of  the  most  common  in  the  Mineral  King- 
dom,  and  occurs  in  Common  Galena^  Compact 
Galena^  Sulphurated-Bismbth,  Grey^AntiqioniaUOrey 
Vitreous->Cbpper-Ore,  Molybdaena  frdm  Altenberg 
in  Saxony. 

2.  Blueish-grty — difiers  from  the  preceding  in  want 
of  metallic  Lustre  only.  It  is  found  in  blueish^rey 
Clay^  blueish-greyLimestone,  and  blueish-grey  Marie. 

3.  PearUgrey — consists  of  light  blueish-gprey  with 
a  slight  admixture  of  reddish-TioIet*blue.  Present 
in  pearls^  yet  rather  pale.  But  in.  the  Mineral. 
Kingdom  it  occurs  particularly  distinct  in  Corneous* 
Silver-ore,  pearl-grey  Quarts,  Calcedony,  Porcet* 
lanite,  and  Lithomarga.  Rarely  present  in  Rock-^ 
crystal.    It  borders  on  Lavender-blue. 

4.  Reddish'grejf — ^is  a  grey  mixed  with  much 
red.  It  is  present  in  granular  Limestone,  Felspar, 
Specular  Gypsum. 

5.  Smoke-grey — is  composed  of  a  rather  dark- 
grey,  with  a  slight  admixture  of  blue  and  very 
little  brown.  Derived  from  Smoke,  which  is  gene- 
rally of  this  colour.  It  is  found  in  dark-grey  Flint, 
grey  crystallized  Cakareous-spar,  grey  Hornstone, 
and  grey  Fluof-spar  from  Freybei^. 

6.  Greenish-grey-^As  a  light-grey  colour,  consist- 
ing, sometimes  of  very  pale  yellowish-grey,  some- 
times of  very  pale  smoke-grey,  with  a  slight  admix- 
ture 
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Me  of  Terdigris-greeDi^  I  faaVe  met  with  it  only 
in  Prdinitey  dtts-eyc.  Jargon,  and  some  varieties 
of  ArgilUte. 

7.  rdhwish-grey — ^is  a  pale-grey  mixed  with  more 
or  less  yellow.  It  occurs  in  yellowish-grey  Argil- 
laceoQs-Iron-Stone  from  Wehrau  in  Upper  Losa- 
tia,  yellowish-grey  Tripoli,  yellowish-grey  Calce* 
dony,  yellowish-grey  Indurated  Earthy-Lead-Ore 
from  the  Mine  Rauten  Kranz  near  Johange<Mrgei»» 
stadt 

8.  Sied'gr^'^tbis  is  a  metallic  blackish*grey 
colour,  and  which  seems  to  possess  a  greater  portion 
of  black  than  either  of  the  other  grey  colours  ; 
hence  it  constitutes  the  tran^tion  from  grey  into 
black.  Derived  from  Steel,  to  which  it  properly 
belongs.  It  is  very  common  in  the  Mineral  King- 
dom. In  Specular-Iron-Ore,  Striated  Grey-Ore  of 
Manganese,  Grey-Copper-Ore,  Grey-Cobalt-Ore. 

9.  Ashe^rey — ^is  one  of  the  rarest  and  the  purest, 
of  the  grey  Colours,  consisting  of  yellowish-white 
and  black,  and  derived  from  Wood-Ashes  not  burnt 
white  to  which  this  Colour  properly  belongs.  It 
occurs  the  most  distinct  in  Wacke  graduating  into 
Basalt,  also  in  Argillite. 

$.49. 

Black  holds  the  third  place  among  the  principal 
colours.  It  is  considered  as  the  total  absence  of 
light  This  colour  occurs  very  frequently  in  the 
Mineral  Kingdom,  and  appears  chiefly  peculiar  to 

Inflammable 
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Inflammable  sdbstanbes;  it  is  the  darkest  of  tin 
principal  colours^  and  on  this  account  the  admix-^ 
tures  of  other  colours  are  not  easily  perceived.  The 
few  varieties  which  if  possesses,  and  which  proceed 
from  an  admixture  of  other  principal  colours,  are 
difficultly  distinguished  from  each  other  ;  they  are 

the  following: 

1 .  Greyish-black — ^in  this  variety  black  is  mixed 
with  grey.  It  is  also  the  transition  from  black 
into  grey,  viz.  into  blackish-grey.  Of  this  colour 
Wc  have  black  Flint,  Hornblende,  Argillite,  black 
Limestone,  Basalt. 

2.  Srorvnish'black'-here  black  is  mixed  with 
brown,  and  passes  through  it  into  blackish-brown. 
We  meet  with  this  colour  in  Wolfiram,  Black 
Blende,  Bituminons-Shale,  Tin-stone-Crystals^Black- 

Cobalt-Ord. 

3.  DarkMack^thh  is  the  proper  black  colour, 
or  perfect  black,  being  unmixed  with  any  other 
colour.  It  occurs  in  Obsidian,  otherwise  called 
Iceland-Agate,  Shorl,  let. 

4.  Iron-black— is  a  perfectly  dark  and  metallic 
black  colour,  occurring  sometimes  lighter,  some- 
times darker.  In  the  latter  case,  being  dark-black, 
it  is  found  in  Micaceous-Iron-Ore  from  Tobschau 
in  Upper  Hungary.  In  the  former,  in  which  it 
shews  a  slight  admixture  of  grey  or  white,  and 
then  also  passes  into  steel-grey,  it  occurs  in  Mag- 
netic-Iron-stone, sometimes  in  Antimoniated-Silver- 
Ore,  and  frequently  in  Micaceous-Iron-Ore. 

5.  Greenish^ 


^ 
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.  5.  Crreenish^M€u:i'^^onsi9)ts  of  much  black  and  a 
little  green^  and  forms  the  transition  into  blackish- 
green.  It  occurs  in  Serpentine^  Hornblende,  Pitch- 
stone. 

6.  Bluish^black — is  a  black  colour  verging  a  little 
on  blue,  and  constitutes  the  transition  from  the 
one  colour  into  the  other.  It  is  present  in  Alumi« 
nous-Shale,  Black-Cobalt-Ore,  dull  Black-Lead- 
Ore. 

§.  50. 

Blue  is  the  4th  principal  colour,  and  also  one  of 
the  darkest.  Several  Natural  Philosophers  have  con- 
sidered it  as  a  compound  of  black  and  white  ;  how 
far  this  may  be.  just,  and  wliether  it  should  not 
rather  be  deemed  simple,  I  shall  not  here  inquire. 
In  the  refraction  of  the  solar  ray  by  the  prism 
the  blue  colours  appear  uppermost. 

Blue  is  the  rarest  colour  in  the  fossil  kingdom, 
so  that  we  can  scarcely  exhibit  more  than  eight  or 
ten  species  to  which  it  is  peculiar.  It  cannot  be 
said  tp  appertain  particularly  to  one  or  the  other 
genus  of  fossils.  Formerly  it  was  exclusively  ap- 
priated  to  Copper ;  this,  however,  has  been  suflSici- 
ently  contradicted  by  the  discovery  of  blue  in  Iron, 
and  in  several  Earths,  Stones,  and  Salts.  Those  of 
its  varieties  which  occur  in  fossils  are  the  following  : 

1 .  IndigoMue  ;  this,  which  is  the  darkest  of  the 
blue  colours,  and  inclining  a  little  to  black,  consti- 
tutes the  transition  from  ene  into  the  other.     Its 

X  name 
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BaHie^  is  derived  from  the  indigo  employed  in  paint- 
ing to  produce  this  colour.  Blue^-MartiaUEarth, 
from  Eckartsberg,  near  Weissenfels,  in  Saxony. 

2.  PTnissianMue ;  this  is  next  to  indigo-blue 
die  darkest  bide,  and  not  inclining  to  any  other 
colour  may  properly  be  called  perfect,  or  pure 
blue.  The  denomination  is  derived  from  prussian- 
blue,  a  painting  colour,  nvitfa  ^bicb  it  coincides. 
I  have  never  met  with  the  proper  or  dark  prussian- 
blue  in  the  fossil  kingdom ;  but  of  the  light  prussian- 
blue  we  have  Sapphire,  and  blue  Rock-salt. 

3.  ^zureMue  ;  is  a  clear  and  flamy-blue,  inclin- 
ing a  little  to  red.  The  name  of  this  colour  is 
borrowed  from  Lapis-lazuli,  from  which  the  valu- 
able painting  colour  Ultramarine  is  prepared,  and 
with  which  it  coincides.  It  is  present  in  Lapis- 
lazuli,  and  dark  Azure-Copper-Ore. 

4.  Violet'blu€y  or  violet ;  is  a  rather  clear  reddish- 
blue  colour,  and  appears  to  consist  of  a  mixture  of 
azure-blue  and  crimson-red,  into  which  two  colours 
it  also  forms  the  transition.  It  is  the  uppermost 
colour' among  those  produced  by  the  refraction  of 
the  solar  ray  io  the  experiment  with  the  prism. 
We  meet  with  it  in  violet  blossoms,  whence  the 
denomination  is  derived.  In  the  fossil  kingdom  it 
occurs  10  Amethyst  of  every  degree  of  shade,  Fluor- 
spar, Lithomarga  (the  well  known  Terra  miraculosa 
Saxoniccj)  Spinell-Ruby,  and  more  rarely  in  Calcare- 
ous-Spar, and  Apatite,  also  in  Rock-salt. 

5.  Lavender- 
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5.  LavenderMiUy  is  a  pale  blue  colour,  composed 

• 

of  a  mixture  of  very  light  violet-blue  verging  a 
little  on  reddish,  and  a  little  blueish-grey.  It  oc- 
curs sometimes  in  Lithomarga,  but  chiefly  in  a* 
Porcellanite  from  Schweinschiitz  and  Stral^ke  in 
Bohemia.  It  stands  mid-way  between  pearl-grey 
and  violet-blue. 

6.  Smalt^hlue ;  this  is  a  rather  light  blue  colour, 
and  appears  to  consist  of  azure-blue  mixed  with  a 
little  white.  Ip  the  experiment  with  the  prism  it 
stands  between  violet  and  sky-blue.  Its  name  is 
borrowed  from  the  well  known  Smalt,  from  which 
this  colour  is  produced  for  painting — Light  Azure« 
Copper-Ore,  light  Blue-Martial-Karth  from  Nieder- 
leschen  near  Sprottau  in  Silesia. 

7.  Sky-blue  ;  is  a  light  blue  colour,  which  in- 
clines some  little  to  green,  and  constitutes  the 
transition  from  blue  into  gr^n,  viz.  into  verdigris- 
green.  Painters  call  this  colour  also  mountain-blue. 
The  denomination  is  derived  from  the  colour  of  a 
clear  sky*  In  the  experiment  with  the  prism, 
which  has  been  so  frequently  mentioned,  this  colour 
is  also  produced  and  appears  between  smalt-blue 
and  grass-green,. into  which  last  it  gradually  passes. 
It  is  found  in  light  Azure-Copper-Ore,  blue  Natu* 
ral-Vitriol,  and  sky-blue  Fluor. 

§.  51. 

We  new  come  to  Greeriy  the  5th  principal  colour. 
It  is  a  clear  mixed  colour,  composed  of  blue  and 

£  2  yellovr, 
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yellow,  and  forming  the  transition  from  one  into 
the  othen  In  the  refraction  of  the  solar  ray  by 
the  prism,  a  kind  of  green  is  also  obtained,  which  is 
a  medium  between  grass-green  and  canary-green.  It 
there  appears  between  sky-blue  and  lemon-yellow. 
Green  is  not  very  common  in  the  fossil  kingdom, 
yet  it  occurs  much  more  frequently  than  blue.  It 
appears  to  belong  in  particular  to  Copper ;  Lead, 
however,  and  several  other  Metals,  and  many  Earths 
and  Stones,  also  lay  claim  to  it.  Its  varieties  oc- 
curring in  Fossils  are  the  following  : 

1.  Verdigris-green;  which  is  a  clear  blueish- 
green  colour,  in  whose  mixture  yellow  is  not  per- 
ceptible. It  forms  the  transition  from  green  into 
blue.  It  coincides  in  colour  with  the  verdigris 
known  in  common  life,  and  hence  the  denomina- 
tion has  arisen.  It  is  present  in  Green-Copper- 
Ore,  verdigris-green  Fluor. 

2.  Celadon-green ;  is  a  clear  blneish-green  co- 
lour, composed  of  verdigris-green  and  a  little  ashes- 
grey.  In  its  mixture  not  the  slightest  tint  of  yel-  * 
low  can  be  perceived.  We  find  it  in  some  Bra- 
zilian Berylls,  and  in  the  pure  Green-Earth  from 
Brentonico* 

3.  Mountain-green;  is  a  light  and  almost  grey- 
ish-green colour,  appearing  to  consist  of  light  ce- 
ladon-green, with  a  little  yellowish-grey,  and  also 
a  very  little  white.  Here  a  tint  of  yellow  may 
already  be  perceived  in  the  mixture  of  the  colour; 
b]ue,    however,    still  predominates*      Its  name   is 

borrowed 
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borrowed  from  a  painting  colour  with  which  it 
nearly  agrees.  It  passes  into  greenish-grey,  and 
thus  constitutes  the  transition  from  green  into  grey. 
Among  Fossils,  it  occurs  in  green  Hornstone  from 
Altenberg,  Saxon  Aquamarine,  most  Berylls,  Ac« 
tynolite.  • 

4.  Emerald-green ;  is  a  clear  pure  green.  It 
seems  to  consist  of  equal  parts  of  prussian-blue 
and  lemon-yellow.  The  denomination  is  derived 
from  the  Emerald  in  which  this  colour  is  particu- 
larly  distinct;  it  is  also  found  in  Fibrous  Mala- 
chite, and  Fluor-Spar. 

5.  Leek^green;  is  a  dark  green  colour  inclining 
a  litde  to  brown,  and  which  appears  to  be  a  mix- 
ture of  dark  grass^green,  a  little  brown,  and  a 
very  little  ashes-grey.  Its  name  is  taken  from  the 
leek.  •  It  nearly  agrees  with  the  sap-green  of 
painters.  Of  this  colour  we  have  Pr^um  from 
Breitenbrunn,  near  Schwartzenberg  in  Saxony^ 
most  Jade,  Asbestus  from  Zoblitz,  ActynoUte  from 
Krebsberge  near  Ehrenfriedensdorf. 

6.  Apple-green ;  is  a  light  green  colour  incline' 
ing  much  to  white,  and  forming  the  transition 
into  the  latter.  It  is  composed  sometimes  of  eme- 
rald-green, sometiihes  of  grass-green,  and  white; 
TUs  C(Jour  is  peculiar  to  some  kinds  of  apples, 
whence  the  denomination  is  derived.  In  the  fos- 
sil kingdom  it  occurs  in  Cbrysoprasium  from  Co- 
semlitz  in  Silesia,'  green  Common  Opal  from  the 

same 
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same  place,  Prehnite  from  the  Cape  of  Good  Hope, 
and  Nickel-Ochre. 

7.  Grast^reen ;  ia  a  clear  pure  green,  in  wfaioh 
yellow,  howerer,  already  predominates.  It  bor^ 
ders  on  emerald-green,  leek-grecn,  app]e*greei», 
and  pistachio-green.  The  denomination  of  this  co- 
lour is  derived  partly  from  the  young  growing 
gras  of  Spring,  partly  from  that  grass  which  in 
Summer  is  found  in  the  vicinity  of  springs.  In 
the  mineral  kingdom  we  find  it  in  some  Chrysou 
prasium,  and  some  Green-Lead-Ores. 

8.  PistachiO'greeji ;  is  a  grass-green,  perceptibly 
verging  on  yellow,  and  mixed  with  a  very  little 
Uue*  In  the  mineral  kingdom,  it  occurs  in  many 
Tourmalines  from  Brazil,  Bohemian  Chrysolite, 
and  Earthy  and  Glassy  Iron-Sbot-Green-Copper-. 
Ore  from  Saalfeld,  when  unmixed  with  yellowish 
]Prown4ron-Ocbre.  Pale  pistachio-f^es  approaches 
to  asparagus-green^  clear  to  grass-greeo,  and  dark 
^  leek^reen* 

9.  Asparagtis-greem  is  a  pale  yellowish^green^ 
minted  with  a  little  brown  apd  grey.  It  has  re- 
ceived lis  name  from  tb^  asparagus  stalk.  In  the 
mHiheral  kingdom^  we  mee^t.  witt^  it  in  Chrysobe* 
ryll,.  some  Siberian  Beryljs,  Green-Martial*Eanb 
from  K()lbcr  near  Schneebefg,  and  in  a  rave  i«ir 
riety-  of  Green-Lead-Qre^  from  the  country  bf 
Triers.  The  colour,  however,  of  the  Grten^Mar- 
tial-Earth  l4>prx>£hehes  rath<^r  to  canary^green. 

iO.  Oliv€- 
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10.  (Mwe^grem-,  is  a  light  green  colour  rerg- 
ing  coiMtderaUy  on  broWta,  and  which  seems  to 
tMnsfc  of  clear  caoary-gi^een  and  mueh  brown* 
it  is  foimd  in  moit '  Green-Lead-Ores,  many  *Ser« 
pentineSy  among  others  that  of  Saatburg  in  Swe- 
den, Actyndite  from  Bwrg  d^Oiseau  in  Danphiny, 
•dme  Chrysoprasiumi  Hiany  Pilch-stones^  Grarnets, 
Caicareous-sparS|  a«d  other  Fossils. 

11.  Bhukish^een ;  is  a  very  dark  leek-green 
mixed  widi  mnch  black.  It  occurs  almost  solely 
in  the  dark  grc^n  Serpentines. 

Ifi.  Camary^een;  n  a  rather  light  yellowisIi«> 
greea  coionr.  It  constitnles  the  transition  from 
grem  into  y^ow,  riz.  into  sulphur-yellow.  The 
denomioation  is  taken  from  Canary  birds  in  which 
it  particularly  occurs.  Among  Fossils  it  is  pre^ 
sent  in  Green-Lead-Ore,  Micaceoa»-Uranitie-Ore, 
green  Steatiict  fipom  ZoUita; 

§.  52. 

Yellow^  being  the  sixth,  is  a  very  light  princi^ 
pal  Colour.  Of  its  varieties  two  are  produced  in 
the  refractioQ  of  the  solar  ray  by  the  prism,  ap- 
pearing  between  green  and  red. 

Yellow  is  rather  frequent  in  the  fossil  king-^ 
dom,  but  not  peculiar  to  any  particular  genus  of 
Fossils.  The  varieties  which  occur,  according  to 
the  different  admixtures  of  other  colours,  are  the 
following. 

1.  Sulphur^ 
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1.  Sulphur-yeUow ;  which  is  a  light  greeninlvyel- 
low  colour.  It  forms  the  transition  from  yellow 
into  green.  The  denomination  is  borrowed  firofn 
Sulphur  in  which  this  colour  particularly  occunk 
We  6nd  it  in  Natural-Sulphur,  and  sulphur-yellow 
Serpentine  from  Zbblitz  in  Saxony. 

2.  Lemon-yelhw  i  is  a  dear  pure  yellow.  To 
produce  this  colour  painters  make  use  of  Gum 
Guttoe.  Derived  from  Lemons,  with  the  colopr  of 
which  it  agrees.  In  common  life  it  is  also  .called 
gold-yellow ;  but  this  belongs  more  particularly  to 
the  following  Qolour.  In  the  refraction  of  the  solar 
ray  by  the  prisqa,  which  has  been  so  frequently 
mentioned,  it  appears  between  green  and  orange- 
yellow.  We  meet  with  it  in  Orpiment,  and  some 
Yellow-Lead-Ores. 

3.  Gold'i/ellowi  this  is  a  metallic  clear  yellow, 
colour,  in  which  an  admixture  of  another  colour 
is  not  perceptible.  Excepting  the  metallic  lustre^ 
it  agrees  perfectly  with  the  preceding  colour.  Bor- 
rowed from  gold ;  to  which  this  colour  is  peculiar. 
It  is  found  in  Native-Gold. 

4.  BeU-MetaUTelltyu) ;  this  is  a  metallic  pale  yel- 
low colour,  inclining  very  little  to  reddish  ;  it  seems 
to  consist  of  pale  gold-yellow^  very  little  brownish- 
red,  and  grey.  Derived  from  bell-metal,  with 
the  colour  of  which  it  agrees.  We  have  bell-me- 
tal-yellow Martial-Pyrites. 

5.  Straw-yeUow ;  this  is  a  pale  yellow  colour, 
composed   of  sulphur-yellow  and  a  little  reddish- 
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grey.  It  is  particularly  found  in  straw,  whence 
the  denomination  is  taken.  In  the  fossil  kingdoni 
k  ocGurs  in  yellow  Jasper  from  Lessa,  near  Carls- 
bad^ in  Bohemia;  Calamine,  and  Bismuth-Ochre. 

6.  Wine-ycllow :  is  a  pale  reddish-yellow  colour, 
appearing  to  consist  of  pale  lemon-yelFow,  and 
some  little  brownish-red.  We  find  this  colour-  in 
yellow,  or  white  wines,  whence  the  denomination 
is  borrowed.  Among  Fossils,  it  is  present  in  Topaz 
from  Schneckenstein  tiear  Auerbach  in  Saxony,  yel* 
low  cuneiform  Calcareous-spar  from  Poland. 

7.  Isabella-yellow  ;  is  a  "brownish-yellow  colour 
verging  a  little  on  grey,  a{>pearing  to  consist 
of  pale  orange-yellow,  some  reddish-brown  and  a 
little  grey.  Of  this  colour  is  Calamine,  Mountain- 
Cork  from  Schaller  near  Johanngeorgenstadt,  yel- 
low  Sparry-Iron-Ore,  yellow  Bole  from  Stragau  in 
Silesia. 

8.  Ochre-yellow ;  is  a  rather  dark  yellow  colour, 
consisting  of  lemon-yellow  and  a  little  brown.  It 
16  found  in  yellow  Iron-Ochre,  from  which  its 
name  is  derived,  most  yellow  Jaspers,   Calamine* 

d.  Orange-yellow ;  this  is  a  dark  reddish-yellow 
colour,  seeming  to  consist  of  lemon-yellow  and 
rei.  It  forms  the  transition  from  yellow  into  red, 
viz.  into  aurora-red.  In  the  experiment  with  the 
prism  it  appears  between  lemon-yellow  and  red." 
We  have  orange-yellow  Amber,  orange-yellow  Car- 
nelian,  orange-yellow  Calamine;  of  this  colour  is 
also  the  streak  of  Realgar,  and  Red-Lead-Ore. 

10.  Hony 
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10.  ffonejf'jfelhw  >  is  a  rather  clear  j^Ucm  colour, 
appearing  to  consist  of  sulphur-yellow  and  more 
or  less  reddish-browD.  Derived  from  honey,  with 
the  cdou:  of  which  it  coincides.  We  meet  with 
it  in  most  Amber,  honey-yellow  Fluorrspar,  koney- 
yellow  Opal,  Calcedony,  and  Calcareous-spar,  some* 
times  also  BerylL 

lU  Wax-yellow ;  is  a  light  honey-yellow,  mixed 
with  a  little  light  ashes-grey.  This  colour  is  naost 
distinct  in  fresh  onblanched  wax,  whence  the 
name  is  taken.  It  occurs  principally  in  Yellow- 
Lead-Ore,  yellow  Common  Opal,  and  Calcedony. 

12.  Brass-^4llow  i  a  light  metalUc  colour,  com- 
posed of  gold-yeUow  and  a  little  green.  It  rergea 
Bometimei  more,  sometimes  less,  on  green.  It  is 
peculiar  to  Copper-Pyrites,  particularly  on  the  fresh 
fracture,  and  brass-yellow  Natire-GoU,  which  is 
argentiferous. 

§.  53. 

Jled  is  a  simple  and  rather  clear  principal  colour, 
and  in  order  the  seventh.  In  the  experiment  with 
the  prism,  it  is  dbe  lowest  among  the  colours. 

It  is  one  of  the  most  common  colours  in  the  fossil 
kingdom,  and  seems  to  be  particularly  appropriate 
to  Iron.  According  to  ths  several  admixtures  of 
other  colours  we  have  the  following  varieties : 

1.  Morning f  or  aurora-red  ;  is  a  clear  yellowish- 
red  cdour,  con^posed  of  scarlet-red  and  orange- 
yellow.  (See  Sctueffers'  sketch  of  a  general  display 

of 
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of  Colours  Tab.  IL  Numbei'  U)  It  tonstitiitds  the 
tranatioi]  from  red  ^nto  yeUoW.  In  paintlQg  it  » 
jiroduced  by  Minium.  Derifed  from  the  colour  of 
the  morntDg  d&wn  with  which  it  agrees.  Of  this 
cotour  we  haye  Red^^Lead^Ore  from  Siberia^  Rcalgat, 
and  in  some  spots  Yellow  Blende  from  Scharfenberg^ 
3.  Hjfocinthjred  I  is  a  clear  red  colour  mudh  Te- 
sembling  the  former,  and  diffiirtng  chdIj  in  a  ^ight 
admixture  of  brown.  In  Red-Lead*Ore,  a  vari^jr 
of  Brown  Btende,  Hjacfntb. 

3.  Brici^red ;-  ift  a  light  red  Colour,  composed 
of  aurorarTedi  a  Uttle  white,  and  very  little  brown* 
It  occurs  m  newly  burnt  bricks  whence  the  name  ift 
taken*  In  the  Mineral  Kingdom  we  find  it  distinct, 
in  a  variety  of  Porcelknite  from  Strakke  id  Bo- 
bemiaiy  occasionally  also  kk  Jasper  and  Pitcfastoweu. 

4.  ScarleUred ;  is  a  clear  red  c<^ur  inclibing  a 
little  to  yellow,  and  seems  to  consist  of  ciini8dB«>ici(I 
and  a  little  lemon-yetlow*  (See  Scbcbficrs'  Sketch  eV 
a  general  Display  of  Colours,  Tab.  11.  Number  9.) 
To  produce  this  colour  painters  make  use  of  Ciniuu 
bar.  It  is  the  same  red  as  that  obtained  in  the  re- 
fraction of  the  solar  ray  by  the  prislD.  It  is  found 
in  light  red  Cinnabar  from  Muschiellandsberg  lA 
the  Palatinate. 

5.  Copperrredi  it  a  nieiaBic  light  yellowish-red 
colour.  Derived  from  Copper,  wkh  the  colbov  of 
which  it  agrees.  Is  is  present  in  Natif«-Copper, 
and  Sulphurated  Nickel;  this  latter,  however,  in- 
dines  a  little  to  silver-white. 

6.  Bloods 
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6.  Blood-red ;  is  a  dark-red  colour,  appearing  to 
consist  of  crimson-red  and  scarlet-red.  Its  denomi- 
nation is  taken  from  Uood,  to  which  this  colour 
is  peculiar.  It  occurs  in  Bohemian  Garnet,  red 
CameUan,  and  Quartz  from  Compdstella  and  Va-' 
lencia  in  Spain. 

7.  Carmine'red ;  is  a  clear  red  colour,  in  which 
an  admixture  of  another  colour  is  not  perceptible,' 
and  may  therefore  be  considered  as  the  proper  or 
pure  red.  (See  Schoeffers^  Display,  &c.  Tab.  II. 
Num.  4 :)  Deriyed  from  the  carmine-red  of  painters. 
Among  fossils,  we  meet  with  it  in  Capilliform  Red- 
Copper-Ore,  clear  red  Cinnabar  from  Hartenstein 
near  Schneeberg,  and  from  Rosenau  in  Hungary. 

8.  Cochineal-red;  is  a  clear  and  almost  dark-red 
coloor,  and  appears  to  consist  of  carmine-red  and 
a  tery  little  blueish-grey.  Borrowed  from  cochineal. 
Cinnabar  generally  occurs  of  this  colour,  sometimes 
also  Jasper,  red  Quartz,  and  Ruby. 

9.  Crimson^red ;  is  a  clear  blueish-red  colour, 
which  seems  to  consist  of  carmine-red  and  some 
prussian-blue.  (See  Schoeflfers*  Display,  &c.  Tab.  II. 
Num.  2.)  It  constitutes  the  tranrition  from  red  into' 
blue,  viz.  yiolet-blue.  Of  this  colour  we  have 
Ruby,  Oriental  Garnet,  Striated  Red- Cobalt- Ore. 

10.  Coktmhine^red ;  is  a  dark  blueish-red  colour, 
consisting  of  a  mixture  of  crimson-red  and  a  little' 
blue.    Blue  predominates  here  more  than  in  crim- 
son-red.   Derived  from  the   blueish-red  colour  of 

the 
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the  PigeoD^s-neck.    It  occurs  in  precious  Oriental 
Garnet,  Striated  Red-Cobalt-Ore. 

11.  Flesh^rcd;  this  is  a  pale  red  colour,  com- 
posed of  crimson-red  and  yellowish-white.  (See 
Sfaceflfer,  &c.  Tab.  II.  Num.  110.)  It  agrees  with 
the  colour  of  the  human  flesh ,  whence  the  de* 
jiomination  is  derived.  It  occurs  in  flesh-red  Baro* 
selenite,  flesh-red  Felspar^  red  Gypsum,  red  Quartz^ 
red  Lithomarga. 

12.  Rose-red ;  is  a  pale  red  colour,  composed  of 
cochineal-red  and  a  considerable  portion  of  white. 
Chiefly  in  Red-Ore  of  Manganese  from  Kapenick 
in  Transylvania,  rarely  in  Striated  Red-Cobalt-Ore, 
red  Zeolite,  rose-red  Quartz,  Ruby,  and  some 
Siderocalcites. 

13.  Peach-bhssom-red ;  this  is  a  light  red  co- 
lour, composed  '  of  crimson-red  and  snow-white. 
(See  Schsefier,  &c.  Tab.  II.  Num.  71.)  Derived 
from  the  blossom  of  the  peach,  with  the  colour 
of  which  it  coincides.  It  is  present  in  Striated  and 
Earthy  Red-Cobalt-Ores. 

*  14.  Cherry-red ;  is  a  dark  red  colour,  composed 
of  crimson-red  and  a  little  yellowish-brown.  (See 
Schsffer's,  &c.  Tab.  II.  Num.  6.)  Among  Fossils 
it  is  found  in  Red-Antimonial-Ore  from  Brauns- 
dorf  near  Freyberg  in  Saxony,  red  Scaly-Iron-Ore, 
and  a  variety  of  Ruby. 

15.  Brownish-red ;  is  a  rather  dark  red  colour, 
composed  of  blood-red  and  some  brown,  and  forms 
the  transition  from  red  into  brown.     (See  Tab.  II. 

Num. 
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Num.  8.  of  Scfateffer^s  Sketchy  Au;.)  We  meet  with  it 
io  red  Argillaceous  Ironstone  from  Webrau  in  Upper 
Lusatia,  Red  jasper-like  Ironstone,  Red-Ironstone  of 
loose  earthy  consistence* 

§.  54. 

The  eighth  and  last  principal  colour  is  Br<mn% 
being  a  mixture  of  a  little  yellowish-red  and 
black,  and  forming  the  transition  from  one  into 
the  other.    It  is  the  darkest  colour  next  to  black. 

It  occurs  rather  frequently  among  Fossils,  and 
10  particular  among  Iron-Ores  and  Inflammable 
Substances*  In  the  mineral  kingdom  we  have  the 
following  varieties  of  brown : 

1.  Reddish-brown;  is  a  clear  and  almost  dark 
brown  colour^  verging  closely  on  blood*red.  It 
is  present  in  brown  Tinstone,  and  Brown  Blende^ 
rarely  however. 

2.  CUrve^hrown ;  is  a  dark  brown  colour,  verg* 
ing  almost  imperceptibly  on  carmine-red*  Deriv-* 
ed  from  cloves,  with  the  colour  of  which  it  agrees. 
It  occurs  in  Compact  Brown-Ironstone,  brown  Spar-- 
ry-Iron-Ore,  brown  Rock-crystal  from  Zinnwald  in 
Saxony,  rarely  in  Amethyst,  but  in  most  Thumer. 
stones  from  Dauphiny. 

3.  Hair 'brown;  appears  to  be  a  medium  be* 
tween  yellowish-brown  and  clove-brown,  with  a 
slight  admixture  of  grey.  Of  this  colour  we  have 
Wood-Tin-Ore  from  Cornwall^ 

,4.  Yellowish 
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4.  TeUowish-broxtm;  is  a  light  brown  colour^ 
▼erging  on  ochre-yellov.  It  constitutes  the  tran* 
sition  from  brown  into  yellow.  We  find  it  in 
Brown  Iron-Ochre,  SwampyJron-Ore  from  Sprottau 
in  Silesia,  Jasper. 

5.  Tanibac-brown :  this  is  a  metallic  light  yel- 
lowish-brown colour,  which  seems  to  consist  of 
gdd-ydlow  and  reddish*brown.  It  much  resem- 
hUs  Uraished  tombac,  from  whicfa  the  name  is 
taken.    It  is  found  in  brown  Mica. 

6.  JVood'irinon;  is  a  very  pale  colomr,  being  a 
mixture  of  yellowish-brown  and  much  ashes-grey. 
Distinct  ia  half  decayed  wood,  Bitiuniootts»Woody 
and  a  variety  of  Asbestus, 

?.  Lwer-ir^wni  is  a  light  brown  colour,  eon* 
sisting  of  blackisb-brown  inclining  a  very  little  to 
green.  It  is  the  colour  of  livers,  whence  the  name 
is  borrowed.  Among  Fossils,  we  naeet  with  it  in 
Browo-Ck^lt-Ore,  brown  Jasper  from  Auerswalde 
near  Chemnitz  in  Saxony. 

8.  Blackish-browH ;  is  a  dark  brown  colour  veig^ 
ing  on  black,  and  constitutes  the  transition  from 
brown  into  black.  Blackish-brown  Lowland<-Ar« 
giUaceous-Iron-Ore  from  Oelsse  near  Saagan  in 
Silesia,  Mineral-Pitch,  Bituminous-Wood,  Onyx. 

§.  55. 

These  are  the  several  varieties,  by  which  the 
colours  of  Fossils  may  be  determined ;  but,  al- 
though I  have  collected  a  considerable  number,  I 

wilt 
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will  not  deny  that  several  others  may  be  disco- 
vered by  future  experience.  Should  this,  faowe- 
'  ver,  even  take  place,  it  will  no  longer  be  difficult 
to  give  to  ^he  new  colour  a  systematic  denomina- 
tion^ to  determine  its  conception,  and  to  appoint 
it  a  proper  station  in  the  system. 

§.  5Q. 

There  are  several  Fossils  which  cannot  be  said 
to  possess  any  certain  variety,  of  colour,  such  be- 
ing  either  a  mean  between  two  colours,  (as  e*  g. 
Compact  Malachite,  the  colour  of  which  is  a  mean 
between  verdigris-green  and  grass-green;  Micace- 
ous-Uranitic-Ore,  which  is  a  mean  between  grass- 
green  and  canary-green ;  yellow  Earthy-Lead-Ore, 
between  sulphur-yellow  and  lemon-yellow ;  yellow 
Carnelian,  between  lemon-yellow  and  wine-yellow ; 
Magnetic  Pyrites,  between  bell-metal-yellow  and 
copper-red ;  Red-Silver-Ore,  which  is  generally  a 
mean  between  crimson-red  and  lead-grey,  &c. ;) 
or  inclining  a  little  to  a  different  colour,  (as  e.  g. 
White-Copper-Ore>  whose  silver-white  colour  in- 
clines a  little  to  gold-yellow;  Red  Hoematites, 
whose  brownish-red  colour  inclines  to  steel-grey.) 
These  are  said  to  be  of  that  colour  to  which  they 
bear  the  nearest  relation,  and  the  extent  of  varia- 
tion is  afterward  determined,  as  e.  g.  Oriental 
Garnet,  whose  crimson-red  colour  verges  a  little 
on  black,  Vitreous-Silver-Ore  whose  lead-grey  co- 


lour verges  on  black. 
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2.  The  Shade  of  Colour. 
§.  51. 

I  have  already  mentioned  in  §•  46.  of  this  Chap. 

that  the  shade  of  every  variety  of  colour  occurring 

in  a  species  or  variety  of  fossi],   may  be  further 

determined  by  saying — e.  g.  green  Hornstone  is 

clear    mountain-green.   Aquamarine  is  pale  moun* 

tain-green y    Bohemian   Garnet   is  dark    blood-red| 
^ed  Camelian  is  light  blood-red. 

3'  The  tarnished  colours^ 

The  tarnished  colours  are  charactaristic  of  sere* 
cal  fossils.  In  saying  a  fossil  is  tarnished  we  mean^ 
the  colour  of  the  surface  differs  from  that  of  the 
fracture* 

These  tarnished  colours  proceed -from  di£Eerent 
causes ;  either  from  an  incrustation  by  another 
fossil,  as  variegated  tarnished  Copper»Pyrites,  yellow 
tarnished  Native-Silver,  both  of  which  ar«  slightly 
iQCjnisted  with  an  Iron-Ochre ;  or  froraP.a  change  in 
the  chemical  (constitution  of  the  fbssil^s  surface^ 
and  which  may  take  place  in  a  two  fold  manner, 
viz.  either  by  its  entering  into  combination  with  an 
cc(traneous  substance,  (as  black  tarnished  Native- 
Silver,  which  has  become  united  to  sulphur,)  or  by 
losing  one  or  more  of  its  constituent  parts,  (as 
hiack  tarnished  Native- Arsenic,  variegated  tarnished 

F  Native* 
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Native-Bismuth  ;)  in  both'  which  cases  the  tarnished 
colour  proceeds  from  a  loss  of  the  inflammable 
principle.* 

Some  fossils  occur  tarnished  in  their  natural  po^ 
sition  only,  in  the  place  of  their  formation,  as  Com- 
mon Galena,  the  drusen||  of  which  are  fre(|uently 
found  tarnished  in  fissures,  as  also  Blende,  Qrey- 
Antimonial-Ore,  Specular-Iron-rOre.  The  fresh 
fracture  of  either  of  these  dpes  not  tarnisb. 

Other  fossils  tarnish  on  every  fresh  fracture  that 
is  made,  as  Native-Arsenic,  Grey-Cobalt-Ore,  Na- 
tive-Bismuth, Copper-Pyrites. 

Others  again,  are  always  tarnished,  both  in  the 
place  of  their  formation^  and  on  their  fracture. 
The  most  striking  examples  are— -Purple-Copper- 
Orc,  Native-Bismuth,  Native-Arsenic. 

With  respect  to  the  colours  themselves  which  tar* 
nished  fossils  possess,  they  are  simple  or  variegated. 
Of  the  former  we  have  : 

1.  Grey,  which  is  the  tarnished  colour  of  Whitc- 
Cobalt-Ore,  and  steel-grey  of  Browq  Haematites. 

2.  Blacky  the  tarnished  colour  of  Native-Arsenic* 
(which  is- properly  of  a  light  lead-grey  colour,) 
3r6wn  Haematites,  and  Grey-CobaltrOre. 

3.  Brown^ 

^  It  may  be  obncrred  here,  and  occasionally  in  the  following 
pages,  that  at  the  time  this  was  written  the  phlogisde  theory  or 
Stahl  was  in  general  acceptation.        tk.    . 

II  The  German  term  drwemf  for  which  wc  have  no  correspondiog 
English  word,  |ias  been  already  adopted  in  the  English  Language. 
It-  sgnifies  an  asAemblage  or  group  of  crystals  protruding  fhna  tlM 
same  surface.    See  in  the  eequd  §^x67>  f^t  the  definidon  pf  ttnuy. 
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3.  J^rawfif  of  Natire-Silver^  ivhich  is  properly 
«ilTer-white, 

4.  Reddishj  of  Native-Bismuth,  if  free  from  Co* 
bait.    Its  fresh  fracture  is  silver-white. 

5.  TeUowish^  of  White^Cobalt-Ore,  Argentiferous* 
Arsenical-Pyrites.     Of  the  variegated  we  have — 

1.  Pavontne-tamishedf  which  is  an  assemblage  of 
yellow,  green,  blue,  and  red  of  nearly  equal  p^rts, 
with  a  dark  shade  of  brown,  somewhat  similar  to 
Uie  colours  of  the  peacock's  tail.  Blue  and  yellow 
generally  predominate,  and  yellow  seems  to  be 
the  ground  colour.  The  c(dours  are  never  pre- 
cisely distinct,  but .  always  pass  more  or  less  one 
into  the  other.  It  principally  occurs  in  Copper* 
Pyrites,  Purple-CopperrOre,  Common  Pyrites. 

2.  Iridescent-tarnished  J  which  consists  of  blue, 
green,  yellow  and  red,  in  nearly  equal  proportions, 
bearing  some  resemblance  to  the  colours  of  the  raiii*- 
bow.  Blue  seems  rather  to  predominate.  It  is  chiefly 
present  in  grey  fossils,  but  beautifully  so  in  the 
Grey •Autimonial- Ore  from  Felsobania  in  Hungary, 
also  in  Martial-Pyrites,  Galena,  Specular-Iron- Ore, 
Arsenical-Pyrites,  Hepatic  Pyrites,  and  -  Brown 
Haematites, 

3.  Columbine-'tarmshed  consists  of  the  lightest 
shades  of  white,  red,  green,  very  little  yellow,  and 
blue,  and  much  grey,  resembling  in  some  measure 
th^  varied  shades  of  the  pigeon's  neck.  It  occurs 
the  most  distinct  in  Copper-Pyrit^ 

T%  4.  SteeU 
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4.  Steel'Cohured'tamished  consists  of  mucb  grey^ 
blue,  red,  yellow  and  green,  representing  the  colours 
of  hardened  steel.  This  is  also  chie^y  found  in 
grey  fossils,  and  occurs  in  Grey*CobaIt-Ore. 

4.  The  play  of  colour. 

$.  59. 

The  Play  of  colour  is  not  observable  but  in  sun« 
sbine,  or  some  other  strong  light.  By  it  is  under-r 
stood  the  property  which  some  more  or  less  trans-* 
parent  fossils  possess  of  refracting  in  certain  spots 
the  incident  rays  of  light,  producing  iridescent 
colours.  This  refraction  of  the  solar  rays  originates 
in  the  peculiar  association  of  the  molecules  of  a 
fossil ;  frequently,  however,  it  arises  from  acci- 
dental causes,  such  as  slight  rifts,  cracks,  &c.  In 
the  play  of  colour  the  Diamond  is  eminently  dis^ 
Anguished,  sometimes  also  Rock-crystal. 

5.  The  mutable  reflection  of  cohmr^ 

§•  60« 

The  mutable  reftection  of  colour  Is  distinguished 
from  the  play  of  colour  by  the  fossil  displaying  in 
the  same  spot  a  variable  colour  accordingly  as  the 
angle  of  the  incident  rays  of  light  is  varied.  This 
change  takes  place  either  on  the  surface  of  the 
fossil,  or  internally ;  and  is  perceived  by  varying 
its  position  in  relation  to  the  eye,  or  by  holding  it 
\Yp  to  the  light,    The  superficial  mutable  reflection 

of 
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of  colour  is  particularly  beautiful  in  Labrador  stone^ 
and  Marble  with  variegated  Petrifaction  of  Shells  ) 
the  intemalj  in  Precious  Opal,  Moonstone,  and 
Cats-eye  ;  though  indeed  in  the  two  latter  it  is 
rather  a  mutable  reflection  of  lustre  than  of  colour* 
By  holding  up  to  the  light  also  semi-transparent 
Common  Opal,  whose  colouf  is  milk-white,  it  ap- 
pears wax-yellow,  and  oriental  milk-white  Moon-> 
stone  appears  red,  which  may  be  thus  distinguished 
from  that  brought  from  Switzerland  4 

6.  The  mtUation  of  colour* 

The  mutation  of  colour  differs  from  the  tarnish  m 
this  respect,  that  as  in  the  latter  the  surface  of  the 
fossil  alone  undergoes  a  change  of  colour,  so  in  the 
former  the  change  penetrates  into  the  interior  of 
the  fossil,  and  sometimes  even  pervades  the  whole. 
Of  this  we  have  two  modifications : 

1.  The  fading  of  colour,  by  which  is  meant  that 
a  colour  b  become  paler  by  light,  heat,  moulder- 
ing of  the  fossil,  and  other  external  causes.  Thus 
striated  Red-CobaIt*Ore  by  elcposure  to  the  air  be-» 
cooies  pale  brownish ;  blue  Fluor-spar,  green  ; 
Chrysoprasiutn,  light  green;  pearl-grey  Corneous* 
Silver-Ore^  clear  brown. 

2.  The  perfect  change  of  colour*^thi9  is  not  un* 
frequently  a  consequence  of  fading,  and  means  the 
loss  of  one  colour,  and  the  production  of  another* 

Such 
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Such  a  change  is  commonly  undergone  by  Sidero- 
calcite,  tight  coloured  Sparry-Iron-Ore,  Earthy 
Grey-Ore  of  Manganese,  Argillaceous  Ironstone. 

7.  The  delineations  cf  Colours^ 

§.  62. 

The  delineations  of  colours  proceed  from  a  mTsr- 
ture  of  diflFerent  varieties  of  one  species,*  and  take 
place^  when  a  homogeneous  fossil  contains  in  one 
and  the  sanie  specimen  several  colours  passing 
through  its  interior,  according  to  certain  delinea-: 
tions.     The  following  are  the  most  common. 

!•  Doited'^FiQe  points  of  another  colour*  We 
have  dotted  Serpentine,  and  Jasper.  Heliotropium 
and  Agate  are  not  dotted,  as  their  points  arise  from 
interspersed  Jasper. 

2.  Spotted'^omts  from  the  size  of  a  lentil  ta 

» 

that  of  sixpence*    The  spots  are  round  and  regular, 

or 

*  The  classing  of  a  mixture  of  several  rarieties  of  one  species  as  i 
particular  variety,  or— stUl  more  unpardonably— a  nuxtnreof  diflerent 
species  as  a  particular  species,  are  errors  which  crept  into  min^ 
ralogy  at  a  time  when  this  science  rather  resembled  the  accumit- 
lated  knowledge  of  artificers  in  metals  and  stones  than  a  brancbr  of 
oatural  history.  That  artificers  in  stones  gave  rise  to  these  errors  ia 
evident,  as  they  occur  in  suCh  fossils  only  as  came  within  their 
fphere,  viz.  Agate,  Sardonyx,  variegated  MaoAiles,  3cc.;  in  othert 
<n  the  contrary,  such  as  several  Ores  which  occur  in  miztiires» 
they  sire  not  found.  Many  similar  errors  in  Mineralogy  might  be 
mentioned,  which  by  reason  of  their  long  standing  seetn  to  have  ac- 
quired a  sort  of  right  to  their  particular  places,  luch  aa  the  di»* 
tiActigo  into  metals  and  semi-metals,  &c. 


External  Characters  ef  fossils*  71 

of  irreguUr  ;  very  distinct  ia  some  Argillites,  and 
Serpentines — irregularly  spotted  is  marbl^  from 
Bayreutb> 

3.  iVe^/(pttj— Large  and  irregular  spots,  forming 
with  the  ground-colour  mixed  colour^,  resembling 
clouds,  tt  occurs  if)  Jasper,  Calcedony,  Litbo- 
marga. 

4.  FUtmy  consists  of  large  spots  drawn  in  one 
direction,  and  terminating  in  sharp  points.  Some 
Marbles  and  Jaspers. 

^.  Striped  SLTises  when  large  spots,  drawn  in  one 
direction,  extend  to,  and  run  parallel  through,  the 
whole  specimen.  It  is  straight  or  curved,  and  broad, 
or  linear,  Btoad  and  straight  striped  Jasper,  linear 
striped  Agate,  Calcedony,  &c. 

6.  Annular  consists  of  stripes  forming  concentric 
circles.    It  occurs  in  Jasper,  Carnelian,  and  Flints. 
When  the  annular  becomes  angular  it  bears  some 
I  resemblance  to  a  fortification,  which  is  not  uncom- 

monly founil  in  Agate  and  Calcedony. 
I  7.  Dendritic  consits  of  a  trunk-like  delineation^ 

I  separating  into  larger    and   smaller    ramifications* 

Found  in  some  Limestones,  Bayreuth  Steatites, 
Egyptian  Marble,  Calcedony,  &c.  It  differs  widely 
firom  the  dendritic  delineation  to  be  found  on  the 
surface  of  many  fossils. 

8.  Ruinous,  a  delineation  in  which  a  resem- 
blance to  ruins  may  be  easily  conceived.  Seme 
paralleL  unifomly    coloured    stripes,    over  which 

others 
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others  esctend  in  an  horizontal  direction  form  tfaht 
appearance.     Florence  Marble. 

9-  Veiny — consists  of  narrow  difierentljr  colonrerf 
stripes,  which  cross  each  other  in  more  er  less 
straight-lined  different  directions,  sometimes  form- 
ing a  kind  of  net.  It  occurs  freqaently  in  Ser- 
pentine, and  Marble. 


2.  The  Cohesion  of  the  particles^ 

> 

The  Cohesion  of  the  particles  is  the  second  corn* 
mon  generic  character  observable  in  fossils  by  the 
sight;  also  partly  and  peculiarly  by  the  touch. 
By  the  sight,  in  as  much  as  we  perceive  it  in 
their  external  appearances;  by  the  touch,  when 
we  examine  them  with  our  band,  as  the  common 
organ  of  feelings 

§.  64. 

In  fossils,  as  in  all  other  substances^  we  ca)l 
cohesion  that  attractive  power  by  which  their  in- 
tegrant particles*  cohere  together,  and  by  which 

they 

*  It  it  very  common  to  speaJc  of  t&e  fori*  of  bodies  m  difie- 
rent  scniei,  yet  not  distinguishing  them  by  the  denomination, 
whick  produces  great  confusion.  To  avoid  this,  I  shall  call  those 
parts  which  are  .obtained  by  the  usual  mechanical  divisions,  and 
which  iure  still  aggregates,  a^rgregaiti  paTi$^  Those  of  which  the 
foregoing  are  aggregated,  and  which  if  they  could  be  actually 
obtained,    would  be  no  farther  divisible  without  changing  the 

nature 
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they  more  or  less  resist  the  force  applied  io  se- 
parate them. 

If  the  molecules  of  a  fossil  be  bpth  coherent, 
and  immoveable,  or  difficultly  moveable,  one  among 
another;  as  in  Flint,  Vitreous-Silver-Ore,  Martiaf- 
Pyrites,  Chalk,  &c.  it  is  said  to  be  solid.  If  co-. 
berent^   and  likewise  easily  moveable  one  among 

another ; 

■ature  of  the  body,  bittirant  pariicUt  Of  wnlecmUs,  T&OtC  which 
form  the  conatitation  of  the  integrant  particles,  but  which  are 
themselvet  combinations,  eotutHment  parts.  And  lastly  those  whicH 
compose  these  constituent  parts,  but  which  are  neither  combiaa* 
tions,  nor  aggregates,  but  rather  simple  parts  or  unities  of  mat* 
ter,  I  shall  call  primitive  cottstitMemt  parts.  An  example  by  way 
ef  illustration;  let  a  piece  of  Sulphur  be  divided  in  any  mecha- 
nical way,  all  the  parts  obtained  are  mfgrtgaUd  parts.  If  cack 
of  these  could  still  be  so  far  divided  as  to  cease  to  be  an  ag- 
gregate, and  were  a  t'umpU  parfitU  of  Sulphur  only,  it  would  be 
•a  imtsgroMt  partitlc^  or  muIscuU.  Bach  tudt  simple  pasticle  cai^ 
■ot  possibly  be  further  divided  and  still  remain  Sulphur;  yet, 
it  is  composed  of  ceruin  parts  different  from  Sulphur,  namely* 
Vitriolic  Acid  and  the  Inflammable  Principle,  into  which  it  caa 
be  resolved ;  and  such  parts,  into  which  combinations  are  daily 
resolved  in  the  L.aboratories  of  Chemists,  are  cotutitutni  pari*. 
But,  these  constituent  pans  are  still  furthei*  composed  of  ccr** 
Cain  wholly  simple  parts,  vehfch  are  primitvot  mutitueat  parts,  or, 
as  they  are  sometimes  calTed,  elcmsnts. 

As  by  dividing  an  aggregate  part  of  a  body  we  farther  obtaia 
aggregated  parts;  so  may  we  also  sometimes  resolve  a  consti- 
tuent part  into  farther  constituent  parts.  The  molecules,  and  the 
primitive  constituent  parts  of  a  body  are  both  simple,  with  thii 
difference  only;  the  former,  with  respect  to  the  aggregation, 
being  no  further  divisible;  the  latter,  with  respect  to  the  con- 
stitution, which  cannot  be  further  analysed,  and  still  Hess  mecha- 
nically divided.  Both  kinds  have  this  in  common  that  they  can- 
not be  made  sensible,  and  that  the  conceptions  which  we  caa 
form  of  them  arc  merely  ab^ract. 
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another;  as  iii  Native-Mercurj,  and  Petrol^  it  Is 
said  to  be  fluid.* 

§.  66. 

Solid  fdssih  are  distinguished  into  solid  in  a  rc-^ 
strictive  sense,  ^nA friable.  A  fossil  is  solid  if  its 
individuals  always  donsitute  a  single  aggregation 
only.  Friable,  if  it  consist  entirely  of  small  aggre^^ 
gations,  and  so  smalt  that  not  one  can  be  indi^ 
Tidually  examined,  (for  otherwise  it  would  be  solid,) 
but  may  be  considered,  in  a  manner,  as  molecules 
of  the  fossil,  and  which  cohere  not  at  all,  or  very 
slightly,  together^ 

§.67. 

I  should  now  describe  id  what  manner  solidiitff 
friability,  and  fiuidityy  are  examined  and  deter- 
mined. But,  as  these  three  properties  arc  partial-^ 
lar  generic  characters,  of  which  the  first  pertains 
to  solid  fossils,  the  second  to  friable,  and  the  third 
to  fluid,  and  each  of  these  kinds  of  fossik  possesses 

more 

*  If  the  t>aiticle8  of  a  hoAf  be  lo  weakly  coherent  one  among 
another  that  their  wtight  alone»  and  eten  the  weight  of  so  small 
m  maM  at  that  of  a  Jroj^,  be  tufficient  to  destroy  their  coherence, 
the  body  u  said  to  htfuid.  Hence  it  may  be  seen  that  there 
afe  variable  degrees  of ftdtfUy  as  well  as  of  solidify,  but  which  have 
aot  been  distinctly  determined.  However,  a  body  may  be  said 
to  be  the  more  fluids  the  smaller  the  drops  are,  and  the  more 
msily  and  fwicUy  their  separation  from  the  whole  mass  is  effected. 
la  other  respects  it  is  necessary  to  dbtinguish  /uiJ  from  liguid; 
it  is  this  latter  which  is  properly  the  subject  of  our  present 
consideration ;  whereas  under  the  'general  term  of  fnidr  are  UA* 
derstood  all  tlMsHt  fluidi,  and  consc^scDtly  all  aeriform  fluids^ 
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nfore  of  these  characters,  I  refer  them  to  their 
proper  places,  in  which  I  shall  separately  treat  of 
the  particular  generic  characters  of  each  of  these 
kinds  of  fossils,  and  in  the  order  in  which  they 
strike  the  senses. 


1.  PARTICULAR  GENERIC  CHARACTERS 

Of  Solid  Fossils. 

§.  68. 

Sblid  fossils  may  be  distinguished  by  many  more 
External  Characters  than  friable,  or  fluid ;  several 
properties  not  occurring  in  the  two  latter,  which 
are  discriminative  marks  of  the  former ;  as  in  fria- 
ble, the  external  surface ^  transparency ^  &jc.  ;  in 
fluid,  the  fracture,  streak,  &c.  From  this,  how- 
ever, we  reap  the  greater  advantage,  as  there  are 
a  £ir  greater  number  of  species  and  varieties  of 
tdid  fossils  than  of  friable  or  fluid. 

§.  69« 

According  to  the  order  which  we  have  adopted^ 
we  shall  commence  with  those  particular  generic 
characters  of  solid  fossils  which  are  observed  by 
the  sight;  then  will  follow  those  which  are  ob- 
served by  the  touch,  and  lastly  those  which  are 
observed  by  the  hearing.  Among  those  observed 
by  the  sight,  we  first  perceive  the  external  farm, 
then  the  external  surface^  the  external  lustre,  the 

internal 
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internal  lustre ^  the  fracturcy  tbe/ariw  of  the  frag'^ 
merits f  the  form  of  the » distinct  concretions,  tb« 
surface  of  separation,  the  lustre  of  separation,  the 
transparency,  the  streak,  and  lastly  the  j/ain« 

§.  70. 

The  particular  generic  characters  observable  by 
th&  Eye  in  solid  fossils  are  of  three  kinds ;  for  some 
as  the  external  form,  the  external  surface,  and  the 
external  lustre,  are  observed  in  the  exterior  of  a 
fossil  only, 'and  hence  these  three  are  collectively 

*  termed  the  external  appearance*  Others  again,  as 
the  internal  lustre,  the  fracture,  the  form  of  the 
fragments  (which  constitute  the  appearance  of  the 

fracture,)  the  form  of  the  distinct  concretions,  the 
surface  of  separation,  the  lustre  of  separation  (which 
constitute  the  appearance  of  the  distinct  concretions,) 
can  be  observed  in  the  interior  of  a  fossil  only,  and 
hence  are  collectively  termed  the  internal  appearance* 
And  others,  as  the  transparency,  the  streak  and 
the  stain,  may  be  observed  both  in  the  exterior  and 
interior  of  a  solid  fossil,  and  hence  are  termed  the 
general  appearance. 

ill. 

The  complete  surface  which  a  solid  fossil  has 
received  from  nature  is  called  its  exterior;  thus 
the  natural  surface  of  a  specimen  of  Galena  which 
has  been  found  detached,  or  inhering  in  anotlier 
fossil,  is  called  its  exterior ;  and  hence  all  the  cha- 
racter 
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liters  which  can  be  observed  by  the  sight  in  this 
surface  only  are  called  the  external  appearance  of 
a  fossil. 

But  as  specrmcns  of  fossils  occur,  which  no  longer 
possess  their  natural  surface  or  exterior— as  e.  g.  if 
the  forementioned  specimeu  of  Galena  were  broken, 
so  that  no  part  of  its  natural  surface  should  be  re- 
tained— it  follows  that  those  external  characters  of 
solid  fossils,  which  belong  to  the  external  appearance^ 
cannot  be  observed  in  every  specimen. 

To  the  external  appearance  appertain,  as  al- 
ready observed  in  the  foregoing  §.,  the  external 
form,  the  external  surface,  and  the  external  lustre. 

The  external  appeahance. 

1.  The  external  form^ 
§.  72. 

The  external  form  of  a  solid  fossil  is  nothing^ 
more  than  the  figure  of  that^  natural  surface  which 
its  primitive  individuals  are  found  to  possess. 

Solid  fossils  have  either  received  this  external 
figure  in  their  formation  ;  or  acquired  it  gradually 
from  other  natural  circumstances ;  such  as  the 
rounded  fragments  of  siliceous  and  other  stones, 
which  in  general  are  called  pebbles. 

Now,  those  whose  external  figure  originated  ia 
their  formation  either  had  space  sufficient  to  form 
themselves  in  a  manner  suitable  to  their  nature ;  or 
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the  ^pace  whkb  remained  unoccupied  by  other 
fossils,  and  of  which  they  possessed  themselves  in 
their  production,  wias  the  cause  of  their  externa^ 
figure ;  or  they  formed   thensseives  in  and  with 

I 

(ither  fossils  which  were  produced  at  the  same  time. 
The  difforeace  of  the  external  figure  of  those  which 
possessed  ample  space  for  their  forpiation  (and  to 
vhieh  all  crystallisations,  several  kinds  of  particu- 
lar forms,   as  dentiform^  dendritic^  stdactitiform^ 
and  lastly  of  common  forms  some  kinds  of  nuusm^ 
Mong)  arises;  ist»  from  the  different  constitution 
pf  their  integrant  particles,  accordingly  as  dmring 
their    production    they   differently   attracted    and 
united  with  each  other  in  their  solution,  and  ac- 
quired different  gravities    (which  have  a  materia} 
influence) ;  2dly  from  the   different  solvents,   and 
the  kind  of  solution  in  which  the  fossils  occurred 
accordingly  ^a  it  was  more  or  less  intimate,  ^ind  . 
the  different  precipitants,  which  all  coQtributed  to 
I»roduce  a  diversity  of  form ;  3dly  from  the  attraction 
of  the  wa}ls,  or  sides  of  the  cavity,  cleft,  or  fissure, 
in  which  tl^e  fossil  originated,  which  also  produced 
an  effect,  in  as  much  as  it  acted  upon  the  dissolved 
particles  at  the  time  they  wera  disposed  to  coalesce 
or  associate  together.    The  different  external  figure 
of  those  which  formed  themselves  according  to  the 
space  which  they  occupied,  (and  to  which  among 
particular  forms  the  cellular,  among  coqamon  forma 
jthe  interspersed^  and  often  also  the  massive  belong,) 
proceeds  so  far  from  the  fossils  themselves  as  it  was 

their 
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tbeir  oature  to  be  produced  in  this  or  that  fossil; 
but,  in  other  respects,  the  cause  is  to  be  attributed 
entirely  to  the  form  of  the  space  which  they  occu- 
pied. Lastly,  the  different  external  figure  of  thott 
which  were  formed  at  the  same  time  with  the  fosnb 
in  and  with  which  they  occur,  (and  to  which  among 
particular  forms  the  veimf^ceUular^  and  among  com- 
mon forms  the  interspersed^  frequently  belong,) 
proceeds  partly  from  themselves,  and  partly  from 
^  fossils,  in  and  with  which  they  originated. 

§•73, 

The  external  form  of  solid  fossils,  as  already  ob« 
served  in  71st.  §.,  is  not  present  in  every  individual. 
Nor  must  we  in  all  cases  from  a  difference  of  ex- 
ternal form  immediately  infer  an  essential  difference 
in  the  fossil  itself;  as  it  may  have  arisen,  as  already 
shown  in  the  foregoing  §.,  from  other  cifcumstances 
as  well  as  from  the  constitution^  in  which  case  a 
variety  is  only  produced.  But  as  fossils  of  the 
same  external  form  are  very  rarely  met  with,  tbia 
character,  particularly  the  crystallization,  assists  u^ 
]oiuch  in  distinguishing  them ;  and  indeed  in  com* 
pany  with  the  two  following,  which  constitute  the 
external  appearance,  it  must  often  serve  us  instead 
of  the  internal  appearance,  when  this  last  cannot 
be  observed  ;  as  in  the  case  of  crystals  which 
possess  their  perfect  crystallization.  The  external 
fomis  of  solid  fossils  are  distinguished  into  common 

formsj 
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forms f  partiadar  forms^  regular  forms  or  crysUd* 
Juatiom,  and  extraneous  fomu» 

i  74, 
1.  Common  Forms, 

If  the  natural  surface  of  a  solid  fossil  Neither  con* 
lists  of  a  determinate  number  of  sides^  nor  furnishes 
a  resemblance  to  any  known  substances  in  common 
life,  the  fossil  is  said  to  be  of  a  common  form,  i.  e* 
of  a  form  in  which  most  fossils  occur.  It  is  then 
also  said  to  be  withoui  any  particular  form,  of 
an  indeterminate  form,  amorphous,  and  (very  im- 
properly) heteromorphous.  There  are  six  kinds  of 
common  forms,  ^&%mussive,  interspersed  or  dissemi'* 
nated,  in  angular  pieces^  in  grains,  in  plates,  and 
superficiaL 

§.  75. 

A  solid  fossil  which  occurs  of  an  indeterminate 
form  or  amorphous,  and  of  nearly  equal  dimensions, 
from  the  size  of  an  hazle  nut  to  the  greatest  magni* 
tude,  imbedded  in  and  incorporated  with  another 
solid  fossil,  is  said  to  be  massive.  Solid  fossils  are 
most  usually  found  of  this  external  form,  several 
indeed  are  rarely  found  otherwise,  as  Pit-coal^ 
Steatites,  &c.  We  have  massive  Native^Silver, 
massive  Galena,  massive  Copper-Pyrites,  Quartz, 
Limestone,  Rock  Salt,  and  many  odiers. 

§.  76* 
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§.76. 

A  solid  fossil  'which  occurs  without  any  particulsr 
fonii,  in  little  pieces  not  exceeding  the  size  of  a 
small  hazle  nut  and  of  nearly  equal  dimensions,  here 
and  there  inlaying  in  and  incorporated  with  another 
solid  fossil)  is  said  to  be  interspersed,  .or  dissemi* 
Tiated.  Hence  the  difference  in  size  constitutes 
the  whole  distinction  between  this  and  the  preceding 
common  form.  Interspersed  fossils  are  distinguished 
tnto^^oarsely  interspersed^  where  the  interspersed 
parts  vary  from  the  size  of  an  hazle  nut  to  that  of 
a  pea ;  finehf  interspersed,  from  the  size  of  a  pea 
to  that  of  a  grain  of  millet ;  minutehf  interspersed^ 
from  the  size  of  a  grain  of  millet  to  one  that  is 
still  perceptible  to  the  eye.  We  meet  wi£h  inter- 
spersed  Natire^Gold,  interspersed  Native-Silver,  also 
Cinnabar,  Martial-tPyrites,  Quartz,  and  maniy  ethers. 

§.  77, 
The  meaniflg  of  a  fossil  in  angular  pieces  is  in  a 
gnat  .measure  explained  by  the  denomination  itself 
We  have  here  however  to  observe  that  the  pieces 
must  be  large,  namely)  from  the.  size  of  an  hazle 
intt  to  the  greatest  magnitude,  and  loose  or  detached, 
L  e.  not  imbedded  in  another  fossil.  Scarcely  any 
.other  difierence  therefore  exists  between  this  cha- 
-faoter  and  massive,  than  that  in  the  latter  the 
fossil  is  inhering  in«  another,  in  the  former,  on  the 
eoDtrary,  itiis  detached.  Fossils  occuring  in  angular 
-  pieces  jnay  be  further  distinguished  into  sharp  cor » 
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nered  and  blunt  cornered.  Of  this  form  are  found 
Calcedony,  Opal  from  Eibenstock  in  Saxony,  yellow 
Carnelian,  Flint,  Bolognian-Stone. 

A  solid  fossil  which  occurs  amorphous,  and  loose 
or  detached,  in  small  pieces  from  the  size  of  an 
hazle  nut  to  one  that  is  still  distinguishable  by  the 
eye,  is  said  to  be  in  grains.  This  kind  of  external 
ilorm  differs  from  the  preceding  merely  in  point  of 
size,  and  from  interspersed  particularly  in  this  re« 
apect,  that  as  the  latter  occurs  inlaying  in  and 
incorporated  with  another  fossil,  so  the  former  is 
found  detached  or  only  loosely-coherent.  It  is 
necessary  to  guard  against  confounding  this  kind 
of  common  form  with  what  is  called  the  grain j  and 
granular^  of  both  which  notice  will  be  taken  in 
the  explanation  and  definition  of  the  fracture.  Grains 
may  be  further  distinguished : 

I .  With  respect  to  the  size :  into  gross  grains, 
from  the  size  of  an  faazle  nut  to  that  of  a  pea; 
Lowland-Argillaceous-Iron-Ore,  Pisiform  Argillace- 
ous^Irotfltone,  are  found  in  gross  grains;  large 
gravnsy  from  the  size  of  a  pea  to  that  of  hemp 
seed  ;  Precious^  Garnet,  Magnetic-Iron-Sand ;  smaU 
grains,  from  the  size  of  hemp-seed  to  that  of 
millet;  the  same  fossils;  minute  grains,  under 
which  denomination  all  come,  which  are  smaller 
than  millet-seeds;  Platina,  Natire-Goid,  Tinstone. 

2.  With 
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2.  With  regard  to  the  figure,  into  angular 
grains.  Magnetic-iron-sand;  arrurtdated  grains, 
Bohemian  Garnet,  and  Pisiform  Argillaceous-Iron- 
stone; flattened  grains,  Native-Gold,   Platina. 

3.  Accordingly  as  they  inhere  in  other  fossils; 
into  loose,  partly,  and  wholly  inhering  in  other 
fossils. 

§.79. 

A  solid  fossil  which  occurs  in  flattened  pieces 
inhering  in,  or  adhering  to,  another  solid  fossil, 
and  whose  thickness  varies  from  one  inch  to  such 
a  one  as  the  fracture  of  the  fossil  will  still  ad« 
mit  of  distinguishing,  is  said  to  be  in  plates. 
The  essential  difference  between  this  and  the  pre* 
ceding  kinds  of  common  forms  is,  that  as  in  the 
latter  all  the  three  dimensions  are  nearly  equal,  so 
on  the  contrary  in  the  former  the  thickness  is  in 
comparison  with  the  other  considerably  smaller. 
Plates  rarely  occur  regular  in  fossils,  being  scarcely 
ever  equally  thick  in  every  part.  Accordingly  we 
speak  of  thick  and  thin  plates.  We  have  in  plates, 
Native-Silver,   and  Vitreous-Silver-Ore. 

§.80. 

A  solid  fossil  which  not  possessing  any  particu- 
lar form,  occurs  very  thinly  laid  on  the  surface 
of  another  solid  fossil,  is  said  to  be  superficial 
This  kind  of  external  form  is  somewhat  rare,  and 
peculiar  to  certain  metals  only.  Superficial  is  fur- 
ther distinguished  into,   thick,  thin,  and  very  thin 

G  2  superficial. 
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superficial.     We    have    superficial  Native-Siher, 
Red-Silver-Ore,  Vitreous-Silver-Ore, 

§.81. 

2.  Particular  Fqrms. 

Particular  external  forms  are  such  as  present 
a  greater  or  less  resemblance  to  substances  and 
their  parts,  both  natural  and  artificial.  They  are 
called  particular^  being  not  usual  or  common  among 
fossils,  like  the  preceding;  and  peculiarly  apper- 
taining to  other  substances.  We  have  the  folloir- 
ing  kinds  of  particular  external  forms;  ist.  those 
which  are  elongated,  as  dentiform,  filiform^  *ca>- 
jnlliform,  retiform,  dendritic  or  arboriformj  sta^^ 
lactitffomi,  coralliformj  tubulifonn,  fistuliform^ 
Jiiitescent  or  arbmtiform,  and  matraciform ;  2dly. 
rounded  particular  forms,  as  botrtform,  globular, 
tidneyform  or  reniformy  bulbous  or  noduiary  and 
liquiform;  Sdly.  flattened  particular  forms,  as  spe^ 
culaVj  in  lamin^y  and  pectinated;  4th.  impressed 
particular  forms,  as  cellular ,  with  impressions^  per^ 
foratedy  corrodedy  heteromorphoiiSy  and  vesicular; 
5th.  and  lastly  a  confused  particular  form,  ai 
ramose. 

§.  82. 

Elongated  Particular  Forms. 

I 

Dent^orin    is   that    particular   form   of  a  soHd 
fossil  which,  adhering  by  the  thicker  end,  is  elon- 
gated toward  the  other  with  a  curve,   and  termi- 
nated 
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nated  by  a  point*  The  deQomination  is  detiveci^ 
(roooL  its  resemblance  to  teeth,  and  particularly  to 
iwine*s  teeth.  This  kind  of  external  form  is  found 
from  the  length  of  a  quarter  of  an  inch,  and  still 
less,  to  almost  that  of  a  fopt.  It  is  rather  rare, 
and  peculiar  to  certain  metals.  We  have  denti- 
form Native-Silver,  dentiform  Vitreous-Silver-Ore. 

§.  83. 

A  solid  fossil  it  said  to  be  JUiform  which  oc« 
curs  in  long  slender  columns  resembling  wire.  It 
IS  also  rare,  and  peculiar  to  sonve  metak  oi\ly« 
lyhea  filiform  becomes  thick  at  one  end  and 
pointed  at  the  other,  it  passes  into  .dentiform. 
We  have  61iform  Native-Silver  from  Norway, 
Aliform  Vitreous-Silver-Ore.* 

§.84. 

A  solid  fossil  which  is  found  in  very  thin  threads, 
resembling  hairs,  is  said  to  be  capilljforTn,  It  passes 
ii^to  filiform  when  the  threads  acquire  a  conside- 
rable thickness.  We  meet  with  capilliform  Native- 
Cold,  Native-Silver,  Martial-Pyrites. 

§.  85. 

That  particular  form  of  a  solid  fossil  which  is 
found  in  slight  coluipns  or  threads,  part  of  which 

run 


*  Vitreous-Silver-Ore  generally  possesses  the  same  external  form 
as  Native-Silver;  probably  because  it  u  frequently  formed  from 
the  latter  by  the  accession  of  Solphur. 
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run  parallel  to  each  other,  and  are  intersected  at 
right  angles  by  others  also  parallel  to  each  other^ 
is  called  retiform.  The  denomination  is  taken  jfrom 
a  net,  to  which  it  bears  some  resemblance  when 
observed  from  one  side.  We  have  retiform  Na- 
tive-Silver, retiform  Native-Copper  from  Saska  in 
the  Bannat,'^  retiform  Cobalt,  and  Sulphurated 
Nickel  from  the  Himmelsfiirst  near  Freyberg,  and 
even  a  kind  of  retiform  Galena. 

§.86. 

A  solid  fossil  which  from  a  thicker  stem  sepa-* 
rates  into  several  more  slender,  representing 
branches  in  a  manner,  which  last  also  are  often- 
^  times  furnished  with  smaller  shoots,  is  said  to  be 
dendritic^  or  arhoriform.  Dendritic  is  either  regu- 
lar, or  irregular.  The  former  nearly  resembles 
fir  trees,  the  branches  making  right  angles  with 
the  stem,  and  the  shoots  right  angles  with  the 
branches.  In  the  latter  the  branches  are  connect- 
ed with  the  stem  under  an  acute  angle*  Both  are 
produced  in  the  slight  fissures  of  solid  fossils,  and 
depend  solely  on  their  attraction  and  casual  pro- 
perties. We  have  regular  dendritic  Native-Silver 
from  the  Himmelsfiirst  near  Freyberg,  and  from 
the  Sophia  near  Wittichen,  irregular  dendritic 
Black  Haematites  from'  the  Father  Abraham  near 
Scheibcnberg,  and  dendritic  Native-Copper. 

§.  87. 
*  Vid.  Bom  Index  fMnfium,  Brags,  8.  r77a»  p.  soi.  a.  7* 
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f.87. 

CoraUiform  is  that  particular  form  of  a  solid 
fossil  which  occurs  in  elongated  curved  shoots^ 
resembling  corals,  the  extremities  of  which  am 
rounded,  but  differ  in  this  respect  from  the  shoota 
of  stalactitiform  as  the  former  are  curved  in  vm* 
nous  directions,  several  sometimes  arising  out  of 
each  other,  and  being  frequently  thicker  at  the 
end.  We  have  coralliform  Stalactite,  Native^Iron, 
Brown  Hoematites. 

$.  88. 

Stalactitiform  is  a  solid  fossil  when  it  consists 
of  several  straight  shoots  of  a  greater  or  less  length, 
which  are  thickest  at  the  port  of  adherence,  be* 
come  slighter  toward  the  extremity,  terminate  con* 
vexly,  and  assume  nearly  a  conical  figure.  At 
the  shoots  of  a  specimen  are  always  formed  in  an 
open  space,  and  this  by  a  succession  of  drops, 
and  all  possess  one  direction  which,  seen  in  the 
place  of  their  formation,  is  perpendicular;  we  may 
conclude,  that  gravity  was  the  sole  cause  of  thii 
figure.  From  a  similitude  in  formation,  arises  also 
the  resemblance  between  stalactitiform  and  icicles. 
This  kind  of  external  form  occurs  in  stalactiti* 
form  Brown-Iron-stone,  Black  Hoematites,  Stalac* 
titCj  Hepatic  Pyrites,  Calcedony. 

§.  89« 
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Tuhdiform  is  that  particular  external  form  of 
a  ^lid  fossil  which  consists  of  straight  nearly  round 
columns,  possessing^  mostly  one  direction^  standing 
beside  each  other,  and  adhering  at  both  ends.. 
Some  years  since  Galena  was  found  in  this  form, 
in  the  Alten  Morgenstern,  near  Freyberg,  the  co« 
bimns  of  which  are  invested  with  a  brown  fine- 
grained Blende,  which  was  often  also  minutely 
crystallised ;  the  interstices  between  the  columns 
were  also  replete  with  the  same  substance.  We 
have  tubuliform  Compact  Brown-Iron-stone,  Blacky 
Iron-stone,  Hepatic  Pyrites. 

§.  90. 

Fisivliform  consists  of  either  single  or  accugiu- 
lated  columns,  being  round  and  internally  hollow. 
]jt  occurs  io  Martial-Pyrites^  Stalactite. 

f.  91. 

Fruiescentf  or  arbustifarm,  is  that  particular  ex* 
Ijernal  form  of  a  solid  fossil  which  from  a  consi- 
derably thick  stem  separates  into  several  thick  and 
round  branches,  terminating  globularly,  whichy 
however,,  ar^  not  much  dispersed^  but  rather  closelj^ 
crowded  together.  It  occurs  sometimes  in  Com- 
pact Black-Iron-stone,  'rarely  also  in  Stalactite,  aa^ 
Compact  Grey-Ore  of  Manganese. 
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•  §.  92. 

Matracififrm*  This  rare  particulac  external  ^omi 
is  composed  of  single,  or  coalesced,  columns  ad-* 
bfiring  by  the  slighter  end,  and  terminating  in 
elongated'  globules.  Th^  denomination  is  derived 
firoia  its  resembling  in  figure  the  matrass  of  cbe- 
mists.  It  ocQUis  in  Black  Hoematites,  Brown  Hoe* 
iMUt^,  and  Compact  Grey-Ore  of  Manganese^ 

§.  93. 
Spundei  particular  forms. 

Sotriform.  This  particular  external  form  of  a 
solid  fossil  consists  in  a  manner  of  globes  pene- 
trating into  and  arising  out  of  each  other,  and 
henee  ia  formed  by  many  greater  or  smaller  glo- 
balar  convexities  variously  connected  with  each 
olher,  presenting  large  sections  of  small  globes* 
The  denoaiinatioii  is  devived  from  the  resemblande- 
to  a'  bimch  of  grapes.  Black-Cobalt-Ore,  Grey- 
Ore  of  Manganese, .  Caloedony,  Malachite,  Copper- 
Pyrites,  and  Striated  MartialvPyrites  are  found  in* 
this  particular  fotsL 

§.  94. 

A  8<did  fossil  which  occurs  in   round  pieces  is 
sai^  to  be  ghhuiar  ;  of  this  there  are  several  kinds : 


«> 
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Perfectly  globular  or  orhicular^  which  it  fauiid 
in  Pisiform  Argillaceoas-lroo-Stone^  White-Cobalt- 
Ore. 

ElUpticalf  in  elongated  round  pieces — Quartz  and 
Flint  pebbles. 

Amydaloid^  arises  from  the  broad  flat  ellypsi^— 
QjjartZy  Calcareous-Spar,  Zeolite,  Green-Earth.    . 

Spheroidal  b  the  round  broad  compressed  form 
of  solid  fossils«^Egyptian-Stone,  Carnelian. 

Imperfectly  globular  is  a  soli4  fossil  which  ap- 
'preaches  nearly  to  the  form  of  a  globe,  but  diflers 

« 

from  it  in  possessing  indeterminate  and  sometimes 
casual  inequalities.  Imperfectly  globular  are  Cal- 
cedony,  Agate,  Martial-Pyrites. 

$.  95. 

By  kidney  form^  or  reniform,  is  understood  that 
particular  external  form  of  a  solid  fossil,  which 
consists  of  several  larger  or  smaller  globular  elera* 
tions,  each  of  which  is  composed  either  of  one 
elevation,  or  of  several  smaller.  It  appears  like- 
wise to  owe  its  origin  to  a  succession  of  drops, 
and  hence  passes  into  stalactitiform.  The  deno- 
mination is  derived  from  its  resemblance  to  kidneys^' 
particularly  to  those  of  cakes.  It  may  be  further 
distinguished  into  large  and  small  reniform.  We  ' 
have  reniform  Red  Hoematites,  Black  Hoematites^ 
Martial-Pyrites,  Native-Arsenic,  Malachite,  Calce* 
dony. 

§.96* 
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§.  96. 

Btdbous  or  nodular y  is  that  particular  form  of  a 
solid  fossil,  which  consists  of  several  rather  irre- 
gularly globular  elevations,  between  which  in  ge* 
neral  the  same  kind  of  depressions  occurs.  We 
have  nodular  Flint,   Martial-Pyrites. 

§.  97. 

Liquiform  is  that  particular  form  of  a  solid 
fossil  wfiich  consists  of  one  or  more  flat  round  ele- 
vations, detached  from,  or  connected  with,  each 
other,  generally  depressed  in  the  middle,  and  oc- 
casionally accompanied  by  some  minute  globules. 
The  denomination  is  derived  from  the  resemblance 
which  this  particular  form  bears  to  that  of  metals 
which,  being  in  a  state  of  liquidity,  present  a 
globular  appearance  with  a  small  depression  in  the 
centre.  Liquiform  occurs  in  Galena  from  the  Altea 
grunen  Zweig,  Erbisdorf,  near  Freyberg,  and  in 
the  same  substance  from  the  Himlisch  Heer. 

Flattened  Particular  Fortns. 

$.98. 

Specular  is  a  solid  fossil  which  presents  on  one 
side  an  almost  even  polished  surface.  This  sur- 
face, being  smooth,  generally  possesses  a  consi- 
derable degree  of  lustre,  and  reflecting  the  rays 
^  light,  is  called  specular,  and  in  so  far  is  a  com- 
plex 
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plex  character.  It  always  arises  in  the  walls  or 
sides  oC  veins,  and  is  merely  a  smooth  separation 
of  the  vein  from  the  rock.  We  have  specular— « 
Compact  Galena,  Martial-Pyrites,  Compact  Red- 
Iron-stope. 

§.  99. 

In  laminae  is  a  solid  fossil  which  consists  of  vetj 
tbin  plates,  being  somietimes  straight,  sometimes 
curvated,  and  inhering  in  another  solid  fossil,  or 
merely  adhering  to  it.  This  external  form  is  rare 
and  peculiar  to  some  metals  only.  We  have  in 
bminae — NativerGold,  Native-Silver,  Vitreous-Sil-* 
▼er-Ore: 

§.  100. 

Pectinated.  This  is  formed  by  tables  which  are 
disposed  beside,  and  upon,  each  other;  presenting 
die  appearance  of  hair  parted  by  the  comb.  1%. 
occurs  only  in  Quartz  brought  from  Shemnitz. 

§.  101. 

Impressed  Particular  Forms. 

A  solid  fossil  is  cellular  which  consists,  in  a 
manner,  entirely  of  tables  crossing  and  intersect- 
ing each  other,*  thus  forming  cells.  There  are 
several  kinds  of  cellular:  as,. 

Hexahedral  ceUidar^  which  may  probab^  arise 
from  the  fossi}  insinuating  itself  into  the  rifts  of 
su^h  fossils  as  break  in  cufaes  or  rhombs,   wbichi 

in 
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Iq  lime  becoming  decomposed,  the  hes^ahedral  crib 
vetnain«  Of  this  kind  we  hare  cellular  partial- 
Pyrites. 

Polyhedral  celbdar.  This  abo  consists  of  angular 
and  straight-sided  celb,  but  which  are  in  other 
respects  indeterminate.  Cellular  Quartz,  oellular 
Calcareons-Spar. 

Parallel  round  cellular ^  which  bears  the  grebt* 
est  resemblance  to  a  honeycomb.  Of  this  "kind 
we  have  Quartz,   and  rarely  Sparry-Iron-Ore. 

Spongiforrfi  ceUular.  The  cells  of  this  particu- 
lar external  form  are  more  irregular  than  the  for- 
mer, being  with  respect  to  relative  position  ncM; 
parallel,  but  confusedly  thrown  one  among  ano- 
ther.     It  occurs  in  Quartz. 

Indeterminate  round  cellular j  in  which,  with 
respect  to  form  and  position,  almost  each  cell  dif- 
fers from  the  other.  Hepatic  Pyrites,  and  Brown- 
Iron-stone  are  found  in  this  particular  form. 

Double  cellular^  in  which  large  cells  comprise 
several  smaller,  as  in  Quartz  and  Hepatic  Pyrites. 

Veirty  cellular,  in  which  the  cells  are  replete 
with  other  fossils,  as  in  White-Cobalt-Ore,  » in 
which  the  interstices  are  filled  with  Manganese. 

§.  102. 

With  impressions.  This  form  may  prbbably  arise 
from  the  deposition  of  a  soft  mass  upon  a  harder 
!'(particiilarly  on  crystallizations),  becoming  gr»- 
dually  indurated.    We  have, 

Cubical 
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Cubical  impressions  J  (commonly  of  Fluorspar,) 
which  occur  in  Quartz,  Martia1*Pyrites,  Hepatic 
Pyrites,  Hornstone,  and  Calcedony. 

Hexahedrdl    pyramidal^     in     Homstone,     and 
Quartz. 
'    Conicatj  in  Native-Arsenic,  and  Quartz. 

Prismatic  and  tabular j  in  Quartz,  and  some 
Sidero-calcites. 

Globular,  in  Vitreous-Silver-Ore. 

§.  103.   - 

A  solid  fossil  is  said  to  be  perforated,  when 
traversed  with  round,  deep,  and  narrow  holes. 
Of  this  kind  is  Lowland-Argillaceous-Iron-Ore. 
This  particular  form  may  have  originated  in  roots, 
which  penetrated  the  fossil  when  soft,  but  decayed 
after  the  latter  had  become  indurated. 

§.  104. 

A  solid  fossil  is  said  to  be  corroded,  when  en- 
tirely traversed  with  small  cavities  and  interstices. 
The  denomination  is  taken  from  worm-eaten  wood, 
which*  it  much  resembles.  We  have  corroded 
Vitreous-Silver-Ore,  Galena,  Quartz. 

§.  105. 

I/eteromorphous  is  that  particular  external  form 
of  a  solid  fossil,  which  consists  of  larger  or  smaller 
indeterminate  elevations  and  depressions,  the  for- 
mer of  which  are  sometimes  blunt,  sometimes 
sharp.  Bearing  some  resemblance  to  the  excres- 
cences 
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cences  of  plants  and  animals,  the  denomination  haa 
been  thence  derived.  We  hare  beteromorphoua 
Native-Iron,  heteromorpbous  LowIand-ArgiUaceous- 
IroD-Ore^  Swampy-Iron-Ore^  Native-Arsenic.  - 

§.  106. 

A  soBd  fossil  is  said  to  be  vesictdar  wbich  possesses 

small,  more  or  less  round,  cavities,  as  well  on  tbe 

« 

exterior  as  in  tbe  interior.  It  is  not  essential  tbat 
these  cavities  be  connected  one  with  another.  It 
occurs  in  Lavas,  Pumicestones,  Earthy-Scoria,  some 
Limestones,  Basalt,  &c. 

Confused  particular  form. 

$•  107.. 

Ramose  is  that  particular  external  form  of  a  solid 
fossil  which  consists  of  several  crooked  branches, 
which  neither  arise  from  a  common  stem,  nor 
possess  a  proportionate  thickness ;  but  are  formed 
irregularly,  growing  one  among  another  and  several 
out  of  each  other,  and  curved  in  different  di- 
rections ;  are  sometimes  thicker  at  the  extemity, 
sometimes  at  tbe  part  by  which  they  adhere,  and 
have  several  sharp  sides  and  edges.  When  the 
branches  become  smaller,  shorter,  and  thicker,  it 
passes  into  heteromorpbous.  Of  thi^  form  is  Native- 
Iron  from  Siberia,  sometimes  also  Native-Copper, 
but  very  rarely  Vitreous-Silver-Ore. 

§.  10^. 
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§.  108. 

.    5.  Regular  forms,  or  Crystallzaton^a 

Tbe  third  kind  of  external  forms,  namely  regular 
forms  or  crysiaUizdtions,  are  those  natural  surfaces 
of  solid  fossils  which  consist  of  a  determinate  ntiai^ 
•ber  of  planes  associated  in  a  determinate  jnanaen 

§.  109. 

Hitherto  much  neglect  has  be^i  shewn  in  the 
determination  of  crystallizations  :  the  greater  paM 
having  been  very  imperfectly  defined  by  tbe  num-» 
ber  of  their  planes  or  solid  angles,  and  many  haying 
been  indiscriminately  called  polyedral  from  the 
difEcuIty  which  was  experienced  in  ascertaining 
their  exact  form ;  hence  any  form  might  be  ima^ 
^ined  which  should  be  thought  proper.  Howevet, 
as  crystallizations  by  reason  of  their  regularity  aie 
not  only  capable  of  a  more  accurate  definition  than 
other  external  forms,  but  also  in  particular  requnne 
a  good  definition  from  the  great  difference  which 
subsists  between  them  ;  it  is  certainly  necessary 
that  «t  more  careful  attention  should  be  bestowed 
on  the  subject. 

§.  110. 

In  defining  crystallizations  we  have  four  things 

to  consider  ;  the  essential  fuality  of  tbe  crystals^ 

their  form,  aggregation j  and  magnitude, 

f.  UK 
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1.  The  essential  quality  of  crystals.* 

§.  111. 

By  the  essential  quality  of  crystals  is  understood 
that  distinction  which  refers  to  the  mode  of  theit 
formation  ;  as  having  taken  place,  either  in  a  man- 
ner conformable  to  the  laws  of  nature,  or  untiatu- 
rally  and  irregularly.  'Accordingly  crystals  are  di»- 
tinguished  into  genuine j  and  spurious,  or  qfter^ . 
crystals.  The  former  are  by  far  the  most  frequent 
in  nature.  The  latter,  by  reason  of  their  scarcity, 
are  the  more  highly  valued  in  the  cabinets  of  the 
curious. 

These  appear  to  be  produced  in  two  ways:  1st, 
when  genuine  crystals  become  incrusted  with  a 
foreign  substance,  in  course  of  time  decay,  and 
leave  the  incrustation  exhibiting  their  form ;  2d, 
when  genuine  crystals  which  inhered  in  another 
fossil,  having  decayed,  the  spaces  so  left  became 
occupied  by  another  fossil  of  a  later  formation, 
which  afterward  separating  from  the  impressed 
mass  exhibits  the  form  of  the  ancient  genuine  crys- 
tals. The  former  case  is  an  incrustation  of  genuine 
crystals ;  the  latter  is  a  repletion  of  the  space 
formerly  occupied  by  genuine  crystals.  Both  cases 
frequently  occur  in  Calcareous  and  Fluor-Spars. 
Thus  we  have  Flint  as  the  spurious,  or  after-crys- 
tal of  the  double  trihedral  pyramid  of  Calcareous- 

H  Spar; 
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Spar;  Calamine- from  Derbyshire  as.t&e  spurious 
crystal  of  the  hexabedral  prism  of  Calcareeus-Spar, 
aeumioated  by  three  planes;  and  Quartz  as  the- 
spurioiM  crystak  of  the  cube^  and  of  the  octahe- 
dron^ of  Fluor-Spar. 

Serious  crystals  are  partioukffy  disttngiiiihed 
kgr  the  following  characters : 

They  are  always  holbsat,  or  at  least  possess  w 
anall  aperture-;  their  sur&ce-  is  rough,  or.  drusj/^ 
iMit  never  sihooth ;  their  solid  angles,  and  edges, 
are  never  sharp  or  well  defined. ;  they  are-  not,  like 
genuine  crystals,  connected  by  transitioDs  witb  other 
crystals  of  the  same  ccmstituent  principles,  b«t 
rather  from  their  lig«are  generally  lead  to  the  cfis- 
covery  of  the  fossil  to-  whicb  they  casually  owed, 

Adr  fevm. 

* 

3.  The  form  of  crystals* 

f.  1 J2. 

This  ia  certainly  the  most  eminent  property  of 
crystals,  since  it  commonly  serves  as  a  distinguish^ 
ing  character  of  those  fossib  in  which  it  occurs. 
The  form  of  crystals  is>  composed  of*  the  following 
parts :  planes,  the  definition  of  which  may  be  found 
in  geometry ;  ad^^5,— formed  by  the  junction  of  two 
planes  under  determinate  angles,  whose  extremec 
therefore  are  lines ;  and  solid  angles  formed  by  tbm 
conjuDctioa  of  three  or  more  planes  in  quc  poiafw 

T# 
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To  determine  the  form  of  Crystals  it  is  first  ne- 
cessary to  define   their   primary  or  fundamental 
forms j^  and  then  the  several  variations  at  mod^ 
cations  to  which  these  are  subject. 

Primary  forms  of  aystatt, 

$.  113. 

By  the  primary  forms  of  crystals  we  Understand 
(heir  most  simple  forms  (which  consist  of  only  one 
or  at  most  of  two  kinds  of  planes,  namely  lateral 
planes  and  extreme  planes  :J  and  which,  though 
they  exisX,  in  crystals  possessing  a  Variety  of  planes^ 
may  yet  be  easily  distinguished  by  conceiving 
those  planeft  which  lie  nearest  to  the  center  of  the 
crystal,  and  which  are  generally  the  largest^  to 
be  extended  on  all  sides  until  they  conjoin. 

Parts  of  primary  forms^ 

-    $.  114. 

The  parts,  of  which  thd  primary  fotms  of  crys* 
tals  are  composed,  are ;  Planes^  which  are  dis* 
tinguished  into— 

H  ^  1 .  Lateral* 

*  It  it  to  be  understood  that.  In  assuming  eertain  primary  forms 
ti  crystab,  and  supposing  these  to  undergo  peculiar  modifications, 
Mr^  Werner  only  proposes  to  dacrUt  crystals,  and  not  to  indicate 
the  course  pursued  by  nature  in  their  formation.  He  employs  a 
j;»ecnliar  descriptlTc  language  to  convey  ideas  of  the  various  forms 
of  crystab,  and  not  to  explain  the  order  of  their  construction.  Oa 
•Ut  htttr  subject,  c<HMult  Abb^  Hafiy's  excellent  Trait^  de  Mine* 
fslogiey  vid.  Tom.  L  p.  19.  ct  scq.  Theorie  de  la  Structure  dcs  Cris* 
taux.       Tft. 


100  ExpUcatum  of  ihi 

t.  Lateral  planes  ;  which  considered  as  parte  of 
the  surface  of  the  body  are  of  the  greatest  extent^ 
but  form  the  confines  of  the  body  toward  its  smalU 
est  extent. 

2.  Extreme  planes ;  which  are  of  the  smallest 
extent^  and  form  the  confines  of  the  body  toward 
its  greatest  extent. 

EdgeSy  which  also  differ,  being — 

1*.  Lateral  edges  ;  which  are  formed  either  by 
the  junction  of  lateral  planes  with  extreme  planes;, 
as  in  the, table;  or  by  the  junction  of  lateral 
planes  one  with  another,  a»  in  the  prism  and  py* 
ramid. 

2k  Extreme  edges ;  which  arise-— either  from  the 
junction  of  ^extreme  planes  one  with' another,  as 
in  the  table ;  or  from  the  junction  of  lateral  phines 
with  extreme  planes,  as  in  the  prism  and  pyramid. 

Solid  angles,  which  have  been  already  defined* 

Kinds  of  primary  forms^ 

There  are  seten  iinds  of  primary  forms,  zuA 
tiiese  are ;  the  icosahedron,  the  dodecahedron,  the 
hexahedron,  the  prism,  the  pyramid,  the  table,  and 
the  lens* 

The  icosahedron,  as  the  first,  is  that  primary 
fi^rm  which  consists  of  twenty  equi-lat^al  triamgular 

planes^ 


.  1 


t 


1 
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planes,  assotiated  under  equal  angles.  It  occurs 
in  Martial-Pyrites  and  White-Cobak-Ore,  very 
rardy  however. 

i.  117.     ^ 

The  dodecahedron  k  that  primary  forna,  which 
is  composed  of  twelve  regular  pentangular  planes^ 
associated  under  equal  obtuse  angles^  ^  It  must 
not  be  confounded  with  an  hexabedral  pris« 
matic  crystallization y  which  occurs  in  Calcareous* 
Sp^r^  and  which  very  much  resembles  it.  The 
dodecahedron  is  found  ijo  Martial-Pyrites,  and  also 
in  Whijte-Cph^-Orp  from  Tunaberg  in  Sweden. 

f  118. 

The  hexahedron  (in  which  are  included  the  cube 
and  the  rhomb)  is  that  primary  form  wJMch  consists 
«f  six  quadrilateral  planes.  ||  This  kind  of  crystalli- 
sation occurs  very  frequently  in  the  mineral  king- 
doo).    T^us  we  t^ave  cubical  crystallized  Cinnabar^ 

cubical 

^  ▼.  Lumad  Syftema  Katnrc,  Holm.  176S,  Tom.  HI.  Tab,  L  «mI 
XL  hg.  3a 

Abbe  Haiiy  obsenrct  that  the  icosahedron  and  dofleca^ednnij 
described  above  bj  Mr.  Werner  as  the  regular  solids  of  geometry, 
canofOt  eiist  in  the  mineral  kingdom  consistently  wtth  the  laws  of 
crystallization.  Acosrdiag^  to  him,  the  icosahedron  which  occurs 
consists  of  eight  equi-Iateral  and  twelve  isosceles  triang;les ;  and  the 
dodecahedron  varies  in  the  angles  under  which  its  plknes  are  associ- 
atcd.  ^d.  Traite  de  Mineralogie  Tom.  L  p.  to,  41J,  and  4%%-^ 
Mnd  Tom.  IV.  p.  7a  and  79. 

Vid.  also  the  annexed  PI.  I.  fig.  i,  and  4.        tr. 

t  Vid.  Linnari  Systema  Nature,  Tom.  lit  Tab.  L  and  IL  fig.  zz. 

I  Vid.  Linnaei,  Tab.  I.  and  II.  fig.  18, 19,  ao,  and  a9. 

Vid.  also  the  annexed  PL  I.  fig.  Zand '4.       tr. 
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cubical  Vitreous-Silver-Ore,  Comeous-Silver-Ore, 
Galena,  Specular  Iron-Ore,  Martial-Pyrites,  Rock-» 
^t,  Fluor-Spar,  and  rhomboidal  crystallized  Cal* 
careous-Spar^  Sparry-Iron-Ore,  Sidero-calcite,  |Uk) 
many  others^ 

The  prism  is  that  primary  form  which  connsta 
^f  an  indeterminate  number  of  quadrangular  late* 
ral  planes  possessing  one  direction,  and  all  termi- 
nating in  two  extreme  planes,  each  of  which  has 
^  many  sides  as  the  crystallization  possesses  late«. 
ral  planes.*  This  is  the  most  common  crystalIi-> 
zation  occurring  among  fossils.  We  have  pris-r 
inatic  Green,  White,  Black,  and  Red-Lead-Orea, 
Tinstone  crystals,  Arsenical-Pyrites,  Rock-crystal, 
Quilrtz,  Topaz,  Shorl,  and  many  others. 

§.  12Q. 

The  pyramid  is  that  primary  form  which  con^ 
fists  of  an  indeterminate  number  of  triangular  la^ 
teral  {daxies  converging  to  a  point,  and  of  a  base 
possessing  as  many  sides  as  the  crystallization  has 
lateral  planes,  f     Next  to  the  prismatic  this  is  the 

mosi 

•  V.  Linnsi.     Tab.  I.  H.  dc  III.     Fig.  x,  4«  5f  ^*  h  S>  9>  Il| 

?»t  I4»  3a»  ZZ^  ^  34. 
Vid.  also  the  umexed  PL  I.    Fig.  5,  6,  7,  %%  ^  9*    T^ 

flbld.    Tab.  L  U.  &  IIL    Fig.  3»  13,  dj,  %At  ^5*  ^^9  dii  37^ 
Vid.  abo  the  aimMc4  PL  ^    ^%-  IO9  ih  Ih  ih  ^^  ^i*  ^^ 
I7i  ft  z8.   Tk. 
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alMt  frequent  crystdltzatton  occuttiiig  aittong  fob* 
eils.  We  have  pyramidal  Light  Red^iiltei-Orey 
Grey->Copper-Ote,  Quartz^  Calcareous-Spar,  Am^ 
tkyst,  PrasiuBU 

The  labk  is  tbat  primary  form  which  is  com'  * 
{KMed  of  two  parallel  later^d  planes,  being  tery 
iarge  in  comparison  with  the  other  planes;  and 
<of  an  indeterminate  number  of  little,  narrew,  and 
sometimes  almost  imperceptible,  exlveme  pktneSf 
nrhich  are  connected  both  with  the  lateral  planes 
and  with  one  another.*  Hehce  the  <nrjstftls  of  tUs 
3und  are  of  a  slight  thickness,  of  a  great  length, 
and  of  a  great  breadth,  which  always  much  ex* 
<{eeds  tbe  thickness  but  nearer  reaches  tbo  length. 
Tabular  crystals  ate  rather  scavce.  We  have  ta* 
4>ular  orystallisGed  Specular-kon-^Ore,  jgrey  Miea, 
dalcaveottb-Spar^  JBar^nelenite,  ' 

5.  122- 

The  Jens  is  that  primary  lorfti  wUdb  tonaifb 
of  two  lateral  planes  oaly,  difief ing  accordingly  as 
^he  lateral  planes  are  differently  curred.  Hence 
there  are  two  kinds,  the  'common  lens  composed 
of  two  convex  iateral  planes  ;*  and  the  sdl(fdnn 
cw$isting  of  one  convex  and  one  concave  lateral 

pi. 

•  V.  UanxL    Tab.  t  tl  8c.  III.    Fig.  17,  &  %f.  ' 

tltti  tht  attoetcd  PI.  I;    Rg*  19^  ftOj  st,  li  as.   Tiu 


t  yiL  the  umexed  PL  L    Fig.  a3i  ^  04*    '^^ 
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,  plane,  bearing  some  resemblance  to  a  saddle  whence 
its  name.  Both  common  and  selliform  lenticular 
crystals  occur  in  Sparry- Iron-Ore,  Sidero-calcitr^ 
and  Calcareous-Spar. 

Differences  in  each  kind  of  primary  form. 

These  primary  forms,  whether  perfect  or  vari- 
ously modified,  differ  further  from  each  other  m 
respect  to  simplidii/f  position,  the  number  and  size 
'  of  the  planesy   the  angles  under  which  these  are 
associated,    the  direction   of  the  planes,   and    the 
ftdness  of  the  crystals., 

« 

§.  124. 

With  respect  to  simplicity  primary  forms  are 
^ther  simple  GC  douile ;  This  distinction,  however, 
is  confined  to  the  pyramid,  as  the  other  six  kinds 
of  primary  forms  occur  simple  only.  In  the  dou-» 
hie  pyramid  two  cases  occur  with  respect  to  the 
apposition  of  the  lateral  planes:  in  the  one,  the 
lateral  planes  of  the  one  pyramid  are  set  directly 
on  the  lateral  planes  of  the  other,  which  is  the 
general  case,  or  obliquely,  as  in  double  hexahedral 
pyramidal  Calcareous-Spar;  in  the  other,  the  late- 
ral  planes  of  the  one  pyramid  are  set  on  the  late-' 
Wei  edges  of  the  other,  as  in  double  trihedral  py« 
ramidal  Calcareous-Spar.  We  have  simple  pyra- 
midal Light  Red-Silver-Ore,  Gi:ey- Copper-Ore, 
Qmrt^y  Amethyst,  and  double  pyramidal  Vitreous-^ 

Silver^ 


External  Characters  of  Fossils.  V0$ 

Siher-Ore,  Galena,  TinstOpe  crystals,  Rock  crys- 
tal, Calcareous-Spar,  Ruby,  Diamond. 

§.  125. 

The  difference  in  position  is  also  pecujdar  to  the 
pyramid,  and  confined  to  the  simple  pyramid; 
-which,  accordingly  as  ^t  is  found  adhering  to  siikv 
ther  fossil  by  the  base  or  by  the  apex,  is  said 
to  stand  erect  or  inverted.  The  former  case  i9 
the  most  common,  the  latter  having  occurred 
only  in  a  few  specimens  of  simple  hexahedra^  pjt 
ramidal  crystals  of  Calcareoqs-Spar, 

§:  126. 

> 
The  number  of  planes  in  the  primary  form  is 

in  some  kinds  determinate^  in  others  variable.    Jt 

is  determinate  iti  the   icosahedron,  dodecahedron, 

hexahedron,  and  lens;    of  which  the  first  cannot 

possess  more  than  twenty  planes,  the  second  than 

twelve,  the  third  than  six,  and  the  fourth  than  two« 

It  is  variable  in  the  other  kinds.     In  the  prism  and 

pyramid  the  lateral  planes  vary,  and  in  the  table  the 

extreme  planes  vary.    Thns  the  prism  occurs ; 

1.  With  three  lateral  planes  in  the  trihedral  prism 
of  Shorl,  Tourmaline,  a)id  Cinnabar. 

2.  With  four  lateral  planes  in  the  tetrahedral 
prism  of  ArsenicaUPyrites,  Jargon,  and  Tinstone. 

3.  With  six  lateral  planes  in  the  hexahedral 
prism  of  Gre^i^Lead-Ore,  Calcareous-Spar,  and 
Park  Red-SilVer-Ore; 

4;  With 


Expiicathn  of  the 

.  4*  Widi  df^ht  iatei;ad  plane0  in  the  MtoheSral 
prism  of  Topaz,  Vitveotts^Silwr-Ofe,  and  Dark 
Rfid-Silver-Ore. 

The  pyramid  occurs, 

1.  With  three  lateral  pitaes  in  the  simple  tra« 
hedral  pyramid  of  Grey-Copper-Ore,  and  Coppef- 
l^riees;  and  in  the  double  trihedral  pyrafnid  of 
)dah:areo«»-Spar,  and  Siderocalcite. 

2.  With  four  lateral  planes  in  the  double  tetra* 
iiedral  pyramid  of  Ruby,  Galena,  and  Vitreous- 
SUrer-Ore* 

3.  With  six  lateral  planes  in  the  simple  hexa« 
bedral  pyramid  of  Light  Red*SiIver-Orc  and  Quartz, 
and  in  the  double  hexahedral  pyramid  of  Calcare* 
ous-Spar,  and  Striated   lled-Cobalt-Ore. 

4.  With  eight  lateral  planes  in  l^e  double  octo- 
bedral  pyramid  of  Garnet,  Zeolite,  and  Native* 
Gold.* 

The  table^  though  it  possess  iNily  two  hrge 
lateral  planes,  is  yet  variable  in  its  number  of  ex- 
treme planes,  which  are  always  as  maay  as  the 
aides  of  the  lateral  planes. 

The 


*  This  erfUilf  which  is  a  low,  verj  acute,  double  «ctohedral 
pyramid,  the  lateral  planes  of  the  one  set  on  the  lateral  planes 
of  the  other-^is,  moreovefi  obtusely  acuminated  at  both  sumnuti 
by  four  planes,  set  on  the  alternate  lateral  ed^es.  Hence  it  con* 
nsts  of  twenty-four  trapezoidal  planes  associated  in  such  a  man« 
Iter  that,  let  the  ctystal  be  obserTcd  on  wliat  side  it  may,  a 
particular  association  of  four  planes  presents  jlielf,  the  point  tf 
which  may  be  considered  cither  as  the  superior  or  inferior  5um« 
«ut  af  Ule  crystal 
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The  table  occurs, 

J .  With  four  extreme  planes  in  the  quadragonal 
table  of  Baroselenite,  YeHow-Lead»Ore,  and  Ca- 
lamine. 

2.  With  six  extreme  planes  in  the  hexagonal 
table  of  Mica,  Antimoniated-Sil^er-Orey  and  Ba^ 
roselenite. 

3.  With  eight  extreme  planes  in  the  octagobal 
table  of  Yellow-Lead-Ore,  Apatite,  and  Baroie« 
lenite. 

The  prism  and  pyramid  may  possess  a  greatat 
number  of  lateral  planes,  and  the  table,  of  ex« 
tfeme  planes ;  but  in  the  former  the  number  of  la;- 
terai  planes  nerer  falls  below  three,  and  in  thci 
latter  the  number  of  extreme  planes  never  beknr 
four;*  and  in  the  one  or  the  other,  the  number 
of  lateral  planes  or  of  extreme  planes  rarely  ex«» 
eeeds  twelve,  f 

On  this  subject  I  will  only  further  remark  lhat| 
without  paying  any  particular  attention  to  the  equa^ 
lity  of  angles,  the  simple  trihedral  pyramid  is  called 
tetrahedron^  and  the  double  tetrahedral  pyramid 
pct^hedron^ 

5.  irt 


*  To  this  there  teems  to  be  an  etception  In  the  case  of  drey* 
OoppeP4>te.    Vid  its  dcwnptioa  in  the  i/tii  Chap.    Tfk. 

t  It  u  worthy  of  remark  that  among  the  polyedral  erystalll* 
Mtioas  of  the  prism,  pyramid^  and  table,  not  one  of  the  twa 
former  has  hitherto  been  found  with  five  or  seven  lateral  plaae% 
or  of  the  latter  with  ^Jt  or.ierca  extreme . plaaeti 


} 
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§.  127. 

With  r^ard  to  the  size  of  the  planes  in  relation 

to  each  other,  rarely  any  thing  very  determinate 

occurs.    The  variation  in  this  respect,  bowerer,  is 

^iefly  observable  in  the  lateral  planes  of  the  prism 

and  pyramid,  and  in  the  extreme  planes  of  the 

table.      We  have  here  to  observe  the  lengthy  and 

the  breadth,  of  the  planes*  In  relation  to  the  bread^h^ 

the  planes  are  equal  or  unequal,  and  in  the  latter 

case  tndcterminate  or  determinate.    Indeterminately^ 

unequal  are  in  general   the  lateral  planes  of  thci 

hexahedral  prism  of  Rock-crystal.     Determinately-- 

uneqiial  are  the  lateral  planes  of  prismatic  White- 

LeadTOre  firom  La  Croix,  and  of  hexahedral  pris* 

Viatic   Calcareous-Spar    from   Andreasberg,    being 

4iUematehf  broad  and  narrow :    determinately-une«- 

qual  are  also  the  lateral  planes  of  broad  prismatic 

^ock-crystaly  and  of  prismatic  Gypsum  in  generalj 

in  both  which  equal  broad  or  narrow  planes  aro 

opposed  to  each  other* 

$.  128. 

The  angles,  under  which  the  planes  are  associated, 
are  the  following : 

1.  The  angles  of  the  lateral  edges,  the  idea  of 
which  is  already  conveyed  in  the  definition  of  the 
lateral  edges.  In  relation  to  these,  the  planes  of 
crystals  are  said  to  be  associated  either  equi-angU" 
larly,  rect-angtdarfy,  oblique-angularly,  or  unequi- 
angularly. 

In 
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In  the  icosahedron  the  planes  are  always  associ- 
ated equiangularly,  as  may  be  seen  in  the  tcosa- 
faedral  crystals  of  Martial-Pyrites.* 

In  the  regular  dodecahedron  the  planes  are 
always  equi-angularly  associated  ;  in  the  irregular, 
on  the  contrary,  the  planes  are  uneqiri-angularly 
associated.    Examples  occur  in  Martial-Pyrites.* 

In  the  hexahedron  «the  planes  are  sometimes^ 
rect-angtdarly,  sometimes  oblique-angularly^  associ- 
ated ;  the  former  case  occurs  in  cubical  Fluor* 
Spar,  Calcareous-Spar,  and  Vitreous-Silver-Ore ) 
the  latter  in  rhombondal  Calcareous-Spar,  Sidero- 
ealcite,  and  Felspar. 

In  the  trihedral  prism  the  lateral  planes  are 
generally  equi-angularly  associated,  as  in  the  tri« 
bedral  prism  of  Shorl,  Tourmaline,  and  Cinnabar, 
In  the  tetrahedral  prism,  on  the  contrary,  the  lateral 
planes  are  associated  either  rect-angularly,  as  ia 
the  rect-angular  tetrahedral  prism  of  Garnet,  and 
Jargon  ;  or  oblique-angularly,  as  in  the  oblique 
angular  tetrahedral  prism  of  Baroselenite,  and 
Arsenical-Pyrites.  The  lateral  planes  of  the  hexa- 
hedral  prism  occur  partly  equi-angularly,  and  partly 
unequi-angularly,  associated ;  the  former  in  the 
eqai-ang^lar  hexahedral  prism  of  Calcareous-Spar, 
Emerald,  and  Green-Lead-Ore  ;  the  latter  in  the 
unequi-angular  hexahedral  prism  of  Rock-crystal, 
and  Baroselenite.      The  octohedral  prism  occurs 

rarely, 

f  Vid.  the  note  to  the  1x7  $.    tiu 
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rarely^  and  eitfaer  with  eqai-atigulatiy  or  ttnequU 
angulariy  associated  lateral  planes  %  the  former  in 
the  equi-angular  octohedral  prism  of  Dark  Red^ 
Silver-Ore;  the  latter  in  the  nnequi'-angQlar  octo- 
hedral prism  of  Topaz. 

The  trihedral  pyramid  occurs  commonly  with 
equi-angularly  associated  lateral  planes,  as  in  the  tri« 
bedral  pyramid  of  Grey  ^Copper-Ore,  and  Diamond, 
The  tetrah^ral  pyramid  is  found  both  with  equi* 
angularly  and  obltque-angulariy  associated  lateral 
planes  j  the  former  ir^  the  double  rectangular  tetra^ 
hedral  pyramids,  or  octahedra,  of  the  Diamond, 
Magnetic-Ironstone,  and  Red-Copper-Ore ;  the  lat- 
ter in  the^  oUique-anguIar  tetrahedral  pyramid  of 
Natural-Sulphur.  Lastly,  hexahedral  and  octohe- 
dral pyramids  are  usually  found  with  equi-aogularly 
associated  lateral  planes;  the  former  in  Sapphire^ 
and  Rock  crystal ;  the  latter  in  Garnet,  Native* 
Gold,  and  Martial-Pyrites. 

With  respect  to  the  table  one  case  only  occurs 
in  which  the  angles  of  the  lateral  edges  are  un-* 
equal ;  as  in  the  hexagonal  Table  of  Specular-Iron- 
Ore,  in  which  the  extreme  planes  are  alternately 
obliquely  applied  to  the  lateral  planes. 

2.  The  angles  of  the  extreme  edges.  In  prisms 
the  angles  of  the  extreme  edges  are  generally  rect* 
MngloTy  the  extreme  planes  bring  rectangularly  ap- 
plied to  the  lateral  planes.  Exceptions,  in  which 
the  angles  of  the  extreme  edges  are  oblique'CngulaTf 
occur  in  the  tetrahedral  prism  of  Felspar,  and  Red<* 

Lead- 
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I^ead-Ore^  with  parallel  obliquely  sq;iplied  estreae 
planes*  la  pyramids  the  angles  of  the  extreme 
edges  are  getierally  equal.  la  tables,  on  the  other 
band,  the  same  case  occurs  with  respect  to  the 
angles  of  the  extreme  edges,  as  in  prisms  with 
respect  to  the  angles  of  the  lateral  edges,  Tbu» 
we  have  quadragonal  tables  ia  which'  the  extreme 
plances  are  sometimes  rectangularly,  sometimes 
eblique-angularly,  associated  ;  as  in  the  rectangular 
quadragonal  table  of  Baroselenite  and  Micaceous* 
Uranitic-Ore,  the  oblique-angular  quadragonal 
table  of  Baroselenite  and  Prehnite :  and  hexagonal 
tabled  in  which  the  extreme  planes  are  sometimes 
equi-angularly,  sometimes  unequiangularly,  associ- 
ated; as  in  the  equi-angular  hexagonal  table  of 
Mica,  and  Antimoniated-Silver-Ore,  the  unequii- , 
angular  hexagonal  table  of  Prehnite. 

3.  The  angles  of  the  summit  or  apex^  which  are 
confined  to  the  pyramid,  are  distinguished  into*-^ 
very  0btuse,  obtuse,  rather  obtuse,  rectangular, 
rather  accute,  acute,  and  very  acute.  The  extremes 
of  obtuse-angular  summits  are  found  in  the  double 
trihedral  pyramid  of  Calcareous-Spar,  in  the  yery 
rare  double  trihedral  pyramid  of  Tourmaline,  and 
in  the  double  trihedral  pyramid  of  the  Bra&ilian 
Pianood  ;*   and   acute-angular  is  the  summit  of 

the 

a  Hut  crystal  it  9  yery  obtuie  double  trihedral  pyramid,  with 

i^GpdricaUy-conyci  Uteral  plane* ;  the  angles  of  the  conunoo  base 

very 
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the  double  he^hedral  pyramid  of  Calcareous-Spar^ 
9nd  very  acute  are  the  summits  of  the  double  hexa- 
hedral  pyramid  of  Sapphire,  and  of  the  double  tetra- 
hedral  pyramid  of  Arsenical-Pyrites. 

J.  129. 

The  directum  of  the  planes  b  either  straight  or 
curvated.  Straight  planes  are  even  surfaces,  and 
by  .far  the  most  common.  Curvated  planes  are 
much  more  rare,  and  are  distinguished — 

1.  In  relation  to  the  position  of  the  curvature, 
into  inwardly  curvated  or  concave,  and  outwardly 
curvated  or  convex : 

2.  In  relation  to  xhefonn  of  the  curvature,  as  re- 
sembling a  spherical,  cjOindrical,  or  conical  section^ 
into  spherical,  cylindrical,  and  conical  planes. 

Spherically-convex  planes  occur  in  cubical  Wbite- 
Cobalt-Ore,  cubical  Fluor-Spar,  and  cubical  Mar- 
tial*Pyrites  ;  spherically-concave  in  cubical  Galena^ 
cubical  Martial  Pyrites,  and  cubical  Fluor-Spar. 
Cylindrically-convex  planes  are  found  in  theBrasillaa 
Diamond,  trihediral  prismatic  Shorl  and  Tourmaline ; 
cylindrically  concave  in  hexahedral  pyramidal  Cat* 
careous-Spar,  in  rhomboidal  Siderocalcite,  and  ia 
tetrahedral  prismatic  Arsenical-Pyrites.  Conically- 
convex  planes  occur  in  trihedral  pyramidal  Brown 
and  Black  Blende,  and  conically-concave  indis- 
tinctly in  Galena. 

§.  130. 

very  obtusely  acuminated  by  four  smaU  planes,  wnich  are  set  on 
the  lateral  planets  and  both  the  summits  raonded. 
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.  §.  130. 

With  respect  to  fulness^  crystals  are  perfect 
or  full,  hMow  at  the  extremity ^  or  the  cavity,  runs 
through  the  wh<de  crystaL  Genuine  crystals  are 
commonly  found  perfect  or  full,  Tfith  some  few 
^Eceptions  which  occur  hollow.  Thus  we  have 
crystals  of  Calcareous-Spar,  Green-Lead-Ore,  cu- 
bical Comeous-Silver-Ore,  hexahedral  prismatic 
Dark  Red-Silver-Ore,  which  are  hollow  at  the 
extremity ;  and  prismatic  Beryll,  in  which  the-ca- 
▼ity  runs  'sometimes  parallel  to  the  direction  of  the 
Jateral  planes  through  the  whole  crystal.    *> 

m 

Modifications  of  the  primary  forms. 

§.  131. 

.  The  variations  or  modifications  of  the  priodary 
Ibrms,  by  which  they  sometimes  lose  their  extreme 
l^nes,  sometimes  their  peculiar  edges,  and  solid 
angles,  may  be  conceived  as  caused  by  truncation, 
kvelling,  and  acuminatum.  The  planes  which  arise 
from  these  variations  mity  be  easily  distinguished 
from  the  planes  of  the  primary  form,  being  more 
^distant  from  the  center  of  the  crystallization,  and 
ki  general  smaller,  than  tlie  latter. 

The  Truncation. 

§.  132. 

A  crystal  is  said  to  be  truncated  when  some  or 
all  its  peculiar  solid  angles,  or  ,edges^  appear  cut 

•  I  off. 
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dffy  in  a  manner ;  a  plane  occurring  where  a  point 
er  edge  should  be.*  Hence  truncation  consists  of 
fingJe  planes  only. 

We  bnv^  here  to  consider: 

X.  TWparU  oi  the  truncation  as  eonsisting  ti 
4k^  jiM0^  edges,  apd  imgles,  of  tnincalioo.  . 

jl«  Tbe  ieUrmmatwn  of  the  troncattoo  as  m- 


{€j  The^  tiiuation  of  the  truncation,  which  oo- 
€Ws  either  at  tbe  angles,  or  edges,  of  tbe  prinarjr 
fprm. 

{^J  The  magnUuie  of  tbe  truncatioo,  which  in 
relation  to  the  planes  of  tbe  primarj  form  is  smaU^ 
or  large;  in  the  former  case  the  angles  or  edges 
of  crystals  are  said  to  be  slightly,  in  tbe  latter 
deephf,  truncated. 

(c)  The  dj9{p/iai<«!pn  cf  the  truncatton,  which  is 
tidier  iirect,  (the  most  usual  case,)  or  ebUfue,  L  e, 
let  on  one  plane  in  particular.  Inslamces  of  ohf 
lique  truncation  occur  in  the  angles  of  the  common 
base  of  tbe  doable  trihedral  pyramid  of  Specular* 
^  Iron»Ore,  and  in  Uie  edges  of  cubical  Martial-Py* 
rites. 

fdj  Th^  direction  of  the  taruncation,  l^e  trun* 
eating  plane  being  either  an  even  surface,  (which 
is  generally  the  case,)  or  curvated. 

Truncation  is  met  with  in  cubical,  prismatic, 
pyramidal,    and    tabular  crystals;    but  chiefly  in 

the 

•  Vid.  the  Annexed  PI  L      fjg,  s/,  aft,  S7,  at,  19,  30,  31, 
It  3a,    Ts, 
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the  three  former.  Among  the  truncated  crystak 
of  fossils  may  be  distinguished^  cubical  Galena, 
with  truncated  angles ;  tetrahedral  prismatic  Tin« 
stone  crystals,  with  truncated  edg^ ;  double  tetra- 
hedral pyramidal  Tinstone  crystals,  with  truncated 
edges;  double  tetrahedral  pyramidal  Galena,  with 
truncated  angles;  octi^onal  tabular  Baroselenite^- 
with  slightly  truncated  lateral  edges. 

The  Bevelling. 

§.  133. 

A  crystal  is  said  to  he  bevelled  when  some  or 
all  its  edges,  extreme  planes,  or  solid  aoglesi  are 
so  altered  as  to  present  in  the  altered  part  two 
smaller  converging  planes,  terminating  in  an  edge.* 
This  is  the  rarest  kind  of  variation  with  whioh 
crystallizations  are  found. 

We  have  here  to  observe: 

1.  The  parts  of  the  bevelling  as  consisting  of 
the  bevelling  planes ;  of  the  bevelling  edges,  (distin*- 
guished  into  the  proper  bevelling  edge  formed  by 
the  conjunction  of  the  bevelling  planes;  and  the 
bevelling  edges  formed  by  the  junction  of  the  be- 
yelling  planes  with  the  lateral  planes  of  the  pri- 
mary form)  ;  and  of  the  bevelling  angles. 

2.  The  determination  of  the  bevelling  as  relat- 
ing to — 

1  2  raj  The 

•  Vid.  PL  I.    fig.  33»  34>  $S*  3^>  &  H-  a     Fig.  j;,  at  39* 
^  4a   Ti. 
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(a)  The  situation  of  the  bevelling,  which  occurs 
either  at  the  extreme  planes,  at  the  edges,  or  the 
solid  angles,  of  the  primary  form.  The  bevelling 
of  the  extreme  planes  is  confined  to  the  prism  and 
table  ;  of  the  edges,  it  occurs  in  the  hexahedron, 
prism,  pyramid,  and  table ;  the  bevelling  of  the 
solid   angles  is  very  rare. 

(b)  Tlje  magnitude  of  the  bevelling  planes,  in 
relation  to  those  of  the  primary  form,  which  are 
small,  or  great ;  in  the  former  case,  the  extreme 
planes,  edges,  or  angles  of  crystals  are  said  to  be 
slightly f  in  the  latter  deeply y  bevelled, 

(c)  The  angle  under  which  the  bevelling  planes 
'Conjoin,    which  is  acute,    rectangular,    or  obtyse, 

and  in   relation   to  which   crystals  are  said    to  be 
acutely y  rectangularh/,  or  obttisely,  bevelled. 

(d)  The  continuation  ,oi  the  bevelling  as  being 
uninterrupted  or  interrupted^  and  this  once  or  twice 
interrupted.  We  have  acute-angular  double  trihe- 
dral pyramidal  Calcareous-Spar,  with  the  lateral 
edges  once  interruptedly  bevelled ;  and  oblique* 
at)giilar  quadragonal  tabular  Barbselenite,  with  the 
obtuse  extrertje  edges  twice  interrupted!)'  bevelled. 

(ej  The  application  of  the  bevelling  itself  3&  be- 
ing direct  J  (the  most  usual  case,)  or  oblique,  which 
occurs  in  hexahedral  prismatic  BasaItic*Hornblende; 
and  of  the  bevelling  planes,  as  being  set  on  the 
lateral  planes,  or  ou  the  lateral  edges^  of  the  pri- 
mary form. 

V   This 
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This,  kind  of  modification  of  the  primary  form 
is  fpund  in  tetrahedral  prismatic  ArsenicaUPyrites^ 
with  the  extreme  planes  very  obtusely  bevelled  ; 
in  rectangular  quadragonal  tabular  Baroselenite, 
with  acutely  bevelled  extreme  planes ;  in  cubical 
Fluorspar,  with  bevelled  edges;  in  trihedral  pris* 
raatic  Tourmaline,  with  the  lateral  edges  obtusely 
bevelled  ^  in  trihedral  pyramidal  Grey-Copper-Ore^ 
with  bevelled  edges ;  in  oblique-angular  quadrago^ 
nal  tabular  Baroselenite,  with  the  obtuse  extreme 
edges  bevelled ;  in  tetrahedral  prismatic  Jargon 
and  Tinstone  with  bevelled  angles;  in  double  te-. 
trahedral  pyramidal  Tungsten,  with  the  angles  of 
the  common  base  slightly  bevelled ;  and  in  dou- 
ble tetrahedral  pyramidal  Martial-Pyrites,  with  all 
the  angles  bevelled. 

The  Acumination. 
§.  134. 

Acumination  is  that  kind  of  modification  of  the . 
primary  form  in  which  a  crystal  loses  some  or  all 
its  angles,  or  extreme  planes,  presenting  in  their 
stead,  at  the  altered   part,  three  or  more  planes 
converging  together.*     This  kind  of  variation  is  the  . 
most  common  which  is  found  in  crystals. 

We  have  here  to  consider; 

i.  The  parts  of  the  acumination  as  consisting  of 
the  acuminating  planes  ;   of  the  edges  of  acumina- 
tion^ 

♦  Vid.  PI  a    Tig.  41,  4S,  43,  45,  46,  47,  48,  49.  *  SO.    Tt. 
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tion,  (which  are  distinguished  into — the  proper 
cfdges  of  acutnination  formed  by  the  junction  of 
the  acuminating  planes  with  each  other;  the  ^jr- 
freme  edge  of  acuminatlon  which  sometimes  occurs 
ihstead  of  a  point;  and  the  edges  of  acumination 
formed  by  the  junction  of  the  acuminating  planes 
with  the  lateral  planes  of  the  primary  form ;)  and 
df  the  angles  of  acumination. 

2.  The  determhuLtion  of  the  acumination  as  re- 
lating  to — 

(a,).  The  situation  of  the  acuminating  planes, 
Tvhich  occur  either  at  the  solid  angles^  or  at  the 
extreme  planes,  of  the  primary  form*  The  acu- 
mination of  the  prism  is  always  situated  at  the  ex- 
treme plapes,  of  the  cube  usually  at  the  angles, 
and  of  the  pyramid  generally  at  the  summit.  Acu- 
minations  of  the  cube  occur  in  cubical  Martial-Py- 
rites, whose  angles  are  acuminated  by  three  planes 
set  on  the  lateral  edges;  and  in  cubical  Fluorspar, 
Zeolite,  and  Martial-Pyrites,  with  the  angles  aeu- 
minated  by  three  planes  set  on  the  lateral  planes. 
Acuminations  of  the  pjrramid  at  the  angles  occur  in 
the  double  trihedral  pyramid  of  the  Diamond  as 
afaneady  described ;  and  in  the  trihedral  pyramid  of 
Grey-Copper-Ore,  with  the  angles  acuminated  by 
three  planes. 

fh.)  The  planes  themselves;  in  which  we  hate 
to  observe, 

« 

1*  Their  number,  the  acuminating  planes  being 
either  equal  to  or  fewer  than  those  of  the  primary 

form 


Extemd  CHataetisrs  qf  Fossib.  M 


ferin  witb  which  they  tute  associated; 
tfon  by  thf ee  planet  cecum  in  the  hetabedral  priMtl 
of  Caltareoti^-'Spar  and  Gatnet,  and  in  the  tribes 
dral  prism  of  Tourmaline;  by  four  planes,  m  ihd 
fetrahedral  prism  of  Jatgon  and  Hyatioth,  in  the 
oatobedral  prion  of  Topaz^  and  in  the  dombte  oe^ 
fohedral  pyramid  of  Garnet,  Leuciie,  and  NMiM 
GoM ;  by  she  planes,  in  the  hexahedral  prism  of  CiA^ 
caieouft-Spar  and  Rock-crystal,  and  in  the  sitoplift 
hmcahedral  pyramid  bf  Light  R«M}-8llvei^0re ;  by 
«gfat  planes,  in  tetvahedrai  pri^DOMtc  Tinstone  ei^ 
tak  from  Cevnwail,  i«  tetnibedral  prisnatie  TopiMS^ 
and  is  octobedrat  prisiMtic  Darl^  Radt-Sllf«r-Or«i^ 

3.  Their  relatrte  size,  nrhieK  is  ejfM  or  ufiBftitk 
\m  Qimrtfl  and  Rock-crystal*  the  planecf  o^  acumi^ 
aation  are  generally  iAdeteffmlnfttely  nne^ual,  adtf 
in  Batoseleiiite  determinately  tete^aU 

S.  Thei^ /ofm  wMch  is  determinate  oif  iHdeUf^ 
minate.  Determinate  acuminating  planer  ^eui^ 
m  prfaraotie  CAs^teotk^Spanf,  Hyatinth,  kc.^  itad 
with  respect  to  the  form,  they  are  sobVetime^ 
rfiombs,  someum^s  triangles,  and  often  polygon^; 
Indetenninate  aeuminrntsng  pbi^es  afe  found  in  iM 
crystals  of  JargO^  and  Wolfram. 

4<  Their  applieation,  the  acutninating  plaYM  be-'* 
ing  set  either  t/tit  the  lateral  |^nes,  or  on  the  latMA 
edges,  of  the  primary  form,  and  in  both  cases 
either  directly  or  obliquely.  This  is  an  essential 
difference  in  many  crystals.  Both  Jargon  and  Hy* 
acinth  occur  in  tetrahedral  prisms  acuminated  by 

four 
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four  planes,,  but  di£Fer.iD  the  application  of  the 
planes  ctf  acuminaticMi,  which  in  the  former  arc'Set 
on  the  lateral  planes,  and  in  the  latter  on  the, la- 
teral edsres. 

.  fcj  The  summit  of  the  Acuminatian,  which-  sa 
either  obtuse^  as  in  hexahedi;al  prismatic  Garnet;. 
rectangular,  as  in  tetrahedral  {Hrismatic  Jai^on;- 
or  acute,  as  in  bexahedral  prismatic  Calcaijeous^ 
Spar. 

Cd.J  The  magnitude  of  the  aeuminatiim,  by 
which  is  understood  whether  the  acuQiination  haa 
^Qcroa^hed  much  or  little  on  the  primary  form. 
](lli  rdatioxi  to  this  a  crystal  is  said  to  be  slight^,. 
or  deeply,  acuminated.  This  distinctioiy  however  is 
confined  to  the  p3'ramid  and  cube. .  De^y  acia^ 
SUQated  is  the  cubical  crystallization  of  Fluor-spar^ 
whose  angles  are  acuminated  by  six  planes;  and 
slightly,  Ihe  trihedral  pyramid  of  Grey^Copper-Ore, 
and  of  Copper-Pyrites, 

(e.J  The  termination  of  the  aaiminatian^  which 
is  either  a  point  or  a  line.  The  latter  forms  the 
transition  to  bevelling.  The  former  is  by  far  the 
most  coifumoii,  the  latter  occurs  in  hexabedral  pris- 
matic White-Lead-Ore  and  Baroselenite,  with  both 
extreme  planes  obtusely  acuminated  by  two  large 
and  two  smaller  planes,  which  termipate  in  a  line. 

§.  115. 

In  order  to  form  a  more  distinct  idea  of  trunca* 

» 

tion^    bevelling,    and  acumination,    let  us   take  a 

* 

cube» 


cube,  prisiUy  pyramid  or  any  other  perfect  primary 
form,  represented  in  wood,  and  cut  off  each  of 
the  angles  or  edges  at  one  stroke,  so  that  in  its 
stead  a  plane  sliall  appear;  this  will  be  truncation* 
But  if  the  extreme  planes,  the  edges,  or  the  angles 
of  any.  of  these  primary  forms  be  cut  off  with  two 
converging  strokes,  the  one  from  this  side,  the  other 
from  that,  so  that  two  planes  arise,  which,  termi* 
nating  in  a  line,  shall  present  an  edge;  this  wiU  be 
bevelling.  And  if  the  extreme  planes  or  the  angles 
be  cut  xS  -at  several  strokes,  all  converging  toge* 
l^r,  sQthat  snofe  dian  two  planes  arise,  commoor^ 
\y  terniifiating  in  apoint,  we  shall  obtain  acuMio 

DAtipO. 

Manifold  Modifications^ 

§.  116. 

Many  crystals  of  fossils  occur  with  manifold  and' 
repeated  modifications.    These    are   either  situated 

« 

beside  each  other ,  by  which  we  understand  simple 
variations  occurring  in  one  and  the  same  crystal 
and  connected  with  each  other,  e.  g.  truncation  of 
the  edgei,  acumination  of  the  angles;  or  they  are 
placed  the  one  above  the  other ^  being  simple  varia* 
tions  of  the  primary  form  modified  by  further  va- 
riations, as  e.  g.  the  bevelling  edges  may  be  further 
bevelled,  and  these  again  truncated,  &c.  Crystals 
thus  variously  modified  necessarily  prove  the  most 
difi^cujt  to  describe. 

§.  117* 
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In  describing  a  crystallization  the  number  of  its 
planes  in  general,  and  their  figure  if  determinate^ 
may  be  mentioned  by  way  of  addition  ;  as  e.  g. 
cubical  Galena,  with  truncated  angles,  consists  of 
six  octangular  and  four  triangular  planes. 


To  render  the  diescnption  of  a  cryfllalHwdofi  m 
dear  as  possible  w«  may  ako,  in  toaw  caies,  adopt* 
Um  diAirtait  niodtt  of  d^larmiaing  itH-tha  rqfre^ 
seniative  and  deriaathe.  By  the  representative  » 
understood  a  description  of  a  crystallization  ac- 
cording to  its  apparent  iTom,  such  as  it  seems  at 
the  first  view ;  by  the  d&rvoattve  a  description  of 
a  crystaHization  founded  on  a  joint  consideration 
of  its  derivation  and  of  its  relation  or  affinity  to 
the  other  crystals  of  the  same  fossil.  Thus  a  de* 
scription  of  a  prismatic  crystallization  of  Tour* 
maline  would  be  representatively  an  enneahedral 
prism,  and  derivatively  a  trihedral  prism,  with  the 
three  lateral  edges  bevelled  ;  thus  also  a  pyramidal 
crystallization  of  Ruby  would  be  representatively 
an  unequt-lateral  and  equi-angular  hexagonal  table, 
with  the  extreme  planes  alternately  set  obliquely 
on  the  lateral  planes;  and  derivatively ^  a  simple 
trihedral  pyramid  with  the  angles  of  the  base  slightly 
truncated,  and  the  summit  so  deeply  truncated  that 

the 
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the  kMrge  fcruneating  phne  coojoias  with  \hm  MMller.* 
The  latter  method^  vu«  tlie  derivative,  is  undoobt* 
edly  the  miMt  applicaUe,  being  tiie  most  easj  and 
iatefligible,  and  indeed  the  best  adapted  to  tbe 
natoffe  of  tbe  svbject.  Generally  speaking,  however, ' 
oisr  best  guide  in  deternnning  the  prioiar j  or  fimda» 
mental  form  of  a  crystaUization  is  to  consider-'— the 
Jlgwne  and  relations  of  tbe  planes;  the  greater  or 
less  d^ee  of  regulariiy  of  the  crystallization  as  ao« 
cording  with  that  primary  form  from  which  it  is 
sapposed  to  be  derived  ;  tbe  most  '/raquant  ag^ 
cmrence  pi  the  crvstaUiaatioos  ef  the  fossil ;  tbe 
tfiniiy  6i  the  crysfeaUizafeion  io  the  other  erystab 
of  tbe  fossil ;  ih^  smiabkness  and  peeuHarify  of  ita 
modifications  ;  and  the  greatest  simpUiiitf  ia  the. 
mode  of  determination* 

Transitums  /roni  one  primary  farm  into  another^ 

§.  193. 

Through  the  forementioned  modification  of  the 
primary  form  a  gradual  transition  takes  place  from 
one  primary  form  into  another  ;  and  this  in  pro- 
portion to  tbe  increased  extent  of  the  modifying 
planes,  and  tbe  decreased  extent  of  the  primary 
planes.  Indeed  when  the  modifying  planes  ap- 
proach nearer  to  the  center  of  tbe  crystallization 
than  tbe  primary  planes  they  become  planes  of  the 
primary  form;  and  conversely,  the  primary  planes 

'when 

« 

^  Tlipf  crptal  11  comidered  by  Rome  de  Title  at  a  section  of  tbe 
•ctabedron.    Vid  CryttaUog;  TonL  IL  p.  as;.  Var.  6.    Tk. 
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whrni  more  distant  from  the  oenteir  of  the '  crystal* 
fixation  than  the  modifying  planes  become  planes 
of  the  truncation,  acumination,  and  the  like.  A 
few  examples  will  illustrate  the  subject :  Galena 
has  fi^e  crystallizaticHis  by  which  it  passes  from 
the  perfect  cube  into  the  perfect  double  tetra- 
bedral  pyramid,  or  octahedron.  The  perfect  cube 
is  its  first  .crystallization ;  the  second  is  the  cube 
with  slightly  trnnoated  angles  ;. the.  third  is  die 
cube  with  the  angles  so  deeply  truncated  that 
the  planes  of  truncation  conjoin,  forming  the 
transition  from  the  cube  into  the  double  tetrahe- 
dral  pyramid,  and  which  may  be  considered  either 
as  a  deeply  trnncaled  octahedron,  or  as  a  deeply 
truncated  cube ;.  by  extending  the  truncating 
planes  we  shall  have  the  fourth  crystallization,  or. 
the  double  tetrahedral  pyramid  with  truncated  an- 
gles, in  which  therefore  the  truncating  planes  of 
the  cube  have  actually  become  the  primary  planes 
of  the  octahedron,  and  conversely  the  primary 
planes  of  the  cube  have  become  the  truncating 
planes  of  the  octahedron,  and  thus  a  transition 
from  the  cube  into  the  octahedron  has  already  taken 
place  ;  by  extending  the  truncating  planes  still 
farther,  so  that  the  primary  planes  disappear,  we 
shall  have  the  fifth  crystallization,  or  the  perfect 
double  tetrahedral  pyramid,  in  which  the  primary 
planes  have  totally  disappeared,  and  the  truncating 
planes  only  remain,  now  constituting  the  primary 

^  planes 
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planes  of  the  octahedron.*  The  octahedron  maf 
also  be  considered  as  the*  first  crystallization  of 
Galena,  fcdlowing  its  transition  into  the  perfect 
cube  through  the  intervening  crystalKzatioos. 

Farther,  the  oblique-angular  tetrahedral  prism  of 
Arsenical-Pyrites  with  obtusely  bevelled  extreme 
planes  (the  bevelling  planes  being  set  on  the  acute 
lateral  edges),  passes  gradually  into  the  octahedron 
accordingly  as'  th^  prism  beepknes  shorter,  and  the 
bevelling  |danes  approach  nearer  to  each  other,  so 
that  at  last  their  points  conjoin.  Here  the. bevels 
Itng  is  the  cause  of  transition,  as  in  the  preced- 
ing instance  it  was  the  truncation,  f 

Lastly,  as  examples  of  transition  by  acumination 
we  may  mention*— the  tetrahedral  prism  of  Tin- 
stone acuminated  by  four  planes  (the  acuminating 
planes  being  set  on  the  lateral  planes),  which  passes 
into  the  octahedron,  when  the  planes  of  acuniina« 
tion  become  more  extended  than  the  primary  planes 
of  the  prism,  the  latter  at  length  disappearing  en- 
tirely 


*  In  order  to  form  a  more  diitinct  concq;>tion  of  theie  crytalU- 
sations  and  transittons  of  Galena,  the  reader  may  refer  to  tJbie  ML 
and.  and  3rd.  Table  of  Linnzus,  Systema  Naturx,  Tom.  TIL  in  which 
the  19th.  figure  rcspresents  the  first  cryttallization,  the  40th.  the 
teeond,  the  azit.  the  third,  the  a4th.  the  fourth,  and  the  ft5th.  the 
fifth.  Ai  far  as  my  observation  has  reached,  the  difSsreDce  in  the 
crystallisations  of  Galena  appears  to  me  to  be  owing  to  the  greater 
or  less  qoantity  of  silver  which  it  contains,  assuming  the  octohcdral 
form  when  most,  and  the  cubical  when  least,  argentiferous. 

Vid.  also  the  annexed  PL  1.  fig.  3,  aj,  7,6,  a^,  and  ij.    '    tk. 


tVid.  PL  a    Fig.  51-    Ta. 
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tMyt^-die  tctnhedral  priflm  of  GwmtA  acnwimtwri 
by  four  ptancs  (the  planet  of  acimiMtioQ  beiog 
•et  on  cbo  lateral  edges),  which  paates  into  the 
^odecahedion  with  rhomboidal  planes,  when  th^ 
pffiMi  becomes  to  .short  that  the  acuminatiog  planes 
conjoin  t—«Bd  thus,  also,  the  bexahedial  prism  of 
Kock-crystal  acuminated  by  six  planes,*  and  the 
hezahedral  prism  of  Calcareous^par  acuminated 
by  three  planes^t  pas8^--*tbe  former  into  the  AgM^ 
ble  hexahedrai  pyramid,  aiud  the  latter  into  the 
double  trihedral  pyramid. 

These  examples  may  suffice  to  shew  the  transi- 
tion from  one  primary  form  into\another  by  means 
of  truncation,  bevdling,  and  acnmination* 

f.  140. 

But,  a  transition  from  one  primary  form  into 
another  takes  place  also  from   other  causes,  as — 

4 

from  a  change  in  the  relative  size  of  the  planes; 
from  a  change  in  the  angles  under  which  the  planes 
are  associated ;  from  the  convexity  of  the  planes,  and 
from  the  aggregation  of  crystals.  Transitions  by  a 
change  in  the  relative  size  of  the  pLuies  occur  in  crys«^ 
tallizations  of  Apatite,  which  according  to  the  greater 
extent  of  the  lateral  or  of  the  extreme  planes, 
may  be  termed  hexahedrtil  prisms  or  hexagonal  ta* 

bles  ; 

fT.PLtt    Kg- 5«.   T».  |V.  PLa    Kg.  53*   Ta. 

♦Via.PL  n.    Kg.  54.    Ta.       \y.  PL  0.    F^  j^.    Tk. 
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Was;  aii4  tntDntioos  by  tbe  aggregation  of  erys* 
tals  occor  in  perfect  hexagonal  tables  of  Pranqmy 
which  being  aggregated  by  their  lateral  planes 
iMrm hexahedral  prisms;  and  in  perfect  rectangu- 
lar qnadragonal  tables  of  Yellow-Lead-Ore,  wUc^ 
adhflriifg  laterally  to  each  other,  form  cubes* 

§.  141. 

In  determining  tbe  fbrm  of  crystals  yarious  dliffi- 
cnlties  frequently  present  themselves ;  for  sometimes 
they  appear  cmnpressedj  some  planes  being  nncom- 
flMXily  ki^e  or  small;  sometimes  they  are  ftmnd 
fcneiratmg  each  ^iher,  a  principal  hindrance  in 
ascertaining  the  crystallization,  and  which  firequently 
oocars  in  Tinstone  crystals ;  at  other  times  they 
are  foand  partly  concealed^  inhering  in  other  fossils^ 
wUch  is  often  die  case  with  Felspar,  Hornblende, 
and  Garnet;  and  oftentimes  they  occur  br&ken,  a 
¥ery  common  obstacle  in  ascertaining  tbe  crystal- 
lizatioB  of  precious  stones ;  and  lastly  they  some** 
times  occur  t(w  minute  for  description,  in  which 
case,  boweiBer,  the  microscope  may  casually  render 
aome  serrice, 

3.  The  aggregation  of  crystals. 

^   142. 

We  BOW  come  to  consider- the  aggregation  of 
crystals,  by  which  is  understood  whether  a  crystal 
is  connected  or  unconnected  with  another  fosnl  or 

crystal. 
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crystal..    In  this  point  of  viesr  all  crystals  oectfT 
either  single  or  in  aggregates. 
Single  crystak  are  found, 

1.  Loose  or  detached ^  possessing  their  perfect 
crystallization,  which  were  most  probmbijr  formerly 
inlaid  in  another  fossil,  but  became,  in  covrae  of 
time  detached  from  it.  In  this  state  Precious  Stones 
and  Rock-crystal  are  particularly  found,  also  Topaz, 
cxrtabedral  Red*Copper*Ore  from  Siberia,  cubical 
Mariial-Pyrites,  and  many  others. 

2.  Inhering  or  inlaying  in  another  fossil,-  as 
crystals  of  Felspar  in  Porphyry ;  of  Hornblende 
in  Basalt ;  and  hezahedral  prismatic  Quartz  in  Gyjn 
aam. 

3»  Adhering  to  another  fossil,  being  attached  by 
one  end  or  side  to  another  fossil,  or  to .  the  same 
uncrystallized  fossil,  and  in  such  a  manner  that  at 
the  part  of  adherence  the  completion  of  the  crys^ 
talis  wssnting.  Adhering  are  found  simple  py>^^ 
jDidal,  and  prismatic,  crystals  of  Quartz,  prisma** 
tic  crystals  of  Arsenical-Pyrites,  and  many  others. 

-Aggregates,  of  crystals  are  regular^  or  irregular. 

Regular  aggregates  consist  of  a  fixed  numher  of 
crystals  aggregated  in  a  determinate  manner — ^such 
Are  twin  and  triple  crystals. 

A  twin^fystal  is  a  peculiar  aggregation  of  tiv^ 
crystals  of  the  same  fossil,  and  the  principal  dis- 
tinguishing marks  of  such  aggregations  are  re-en- 
tering angles.  As  examples  of  twin-crystals — ^we 
faave  ist.  Stauroiite^  or  the  Cross-crystsJ  of  St.  An* 

dreansberg 
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drea$berg  in  the  Hartz»  consisting  of  t^o  very 
broad  rectangular  tetrabedral  prisms^  each  of  which 
is  acuminated  by  four  planes  which  are  set  on  the 
iMeral  edges,  and  the  two  prisms  intersecting  each 
other  longitudinally  at  right  angles,  form  re-entering 
light  angles  ;-i.2nd .  the  twin-crystal  of  Gypsum> 
oomposfed  of  two  hexahedral  prisms,  (each  prism 
consisting  of  two  broad  and  four  narrow  lateral 
planes,  with'  the  extremities  bevelled,  and  the  bC'- 
veiling  planes  obliquely  set,  yet  parallel  to  each 
other,  on  the  broad  lateral  planes),  and  aggregated 
in  such  a  manner  by  two  narrow  lateral  planes^ 
that  the  bevelling  plane%  form  at  one  extremity  a 
salient,  and  at  the  other  a  re-entering,  angle ;— - 
3rd.  the  twin-crystals  of  Ruby,  composed  of  two 
simple  trihedral  pyramids  attached  by  their  bases, 
with  the  angles  of  the  base  slightly  truncated 
(and  hence  forming .  at  the  base  obtuse  re-enteridg 
angles))  and  the  summits  of  both  pyramids  so  deeply 
truncated  as  to  present  rather  a  tabvlar  appearance. 
The  two  pyramids  are  sometimes  also  so  disposed 
by  their  bases  upon  each  other  that  the  angles 
of  the  one  project  over  the  sides  of  the  other. 
Sometimes  the  summit  of  only  one  of  the  pyramids 
is  deeply  truncated,  in  which  case  the  twin-crystal 
has  the  appearance  of  a  simple  trihedral  pyramid 
with  the  angles  and  sumoHt  slightly  truncated, 
possessing  at  the  base  an  equi-angular  but 
uoequi-laterai    hexagonal    table,     whose    extreme 

K  alternately 
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pknes  are  alternately  obliquely  set  on  the  lateral 
planes.* 

A  iripU'Crystal  is  a  peculiar  aggregation  of 
three  crystals  of  the  same  fossil.  These  are  very 
rare  and  have  hitherto  occurred  in  Calcareous-Spar 
and  Ruby  only.  The  triple-crystal  of  Calcareous- 
Spar  is  composed  of  an  equi-lateral  hexagonal  table, 
with  an  equi-angular  but  unequi*lateral  hexagonal 
table  adhering  to  either  lateral  plane  ;f  the  tri- 
ple-crystal of  Ruby  is  in  other  respects  the  same 
as  the  last  mentioned  modification  of  the  twin- 
crystal,  only  that  to  one  of  the  lateral  planes  of 
the  slightly  truncated  pyramid  there  adheres  an 
elongated' hexagonal  table,  with  alternate  obliquely 
applied  extreme  planes. 

« 

Irregular  aggregates  are  composed  of  an  inde- 
terminate number  of  crystals,  singhf  or  daubh/  ag- 
gregated. 

Aggregates  consisting  of  many  singly  aggregated 
crystals  may  be  distinguished  into  such  as  are, 

I.  Heaped  one  upon  another,  which  occur  only 
in  crytals  of  equal  dimensions,  and  particularly  in 

those 

*  Rome  dt  VUlc  has  shewn  that  the  twin-ciTstal  of  Ruby 
arises  from  the  section  of  an  octahedron  in  an  obliqbe  direction, 
parallel  to  two  opposite  planes  of  the  two  pyramids;  the  situ- 
ation of  the  two  halves  of  the  octahedron  being  changed  in  rela- 
tion to  each  other.  Vid.  Crystallog.  Tom.  II.  p.  227.  Var.  7.  Vid. 
also  Hauy  Traite  de  Mincralogie,  Tom.  11.  p.  449,  Spinelle  trans- 
pose.   Tr. 

f  Proceeding  probably  from  a  regular  hexagonal  table  includ- 
ing a  very  low  hcxaliedral  prism,  witli  alternate  broad  and  nar- 
row lateral  planes;  the  terminations  of  the  prism  appearing  on 
the  lateral  planes  of  the  table.    Ta. 
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those  of  GtientL,  BardMdeDite,  Cdcarcoas  and  Floor* 
Spars. 

2.  Adhering  laterally  one  to  another,  s6  that  the 
axes  of  the  general  crystals  are  nearly  parallel  to 
eaeb  other ;  exemplified  in  aggregates  of  Amethyst 
crystals,  and  of  Acicular  Baroselenite. 

3.  Implicated  one  in  another,  which  oc<2ur  in 
crystals  of  unequal  dimensions,  and  principally  in 
those  of  Orey-Antimoflial'-Ore  and  in  the  hexahe* 
drat  prisms  of  Calcareoaa-%ar. 

Aggregates  composed  of  many  doubly  aggregat- 
ed crystals  may  be  distributed,  according  to  the 
form  they  assume,  into  the  following  kinds: 

1.  Scopifornif  consisting  of  laterally  aggregated 
needle-like  and  capitliform  crystals,  diverging  from 
a  common  center.  Thus  we  b^ve  scopiform  ag*. 
gregated  crystals  of  Red-Antimonial-Ore,  Zeolite^ 
Striated  Red-Cobalt-Ore,   and  Capilliform  Pyrites. 

2.  Fasciformf  composed  of  double  scopiform,  with 
a  common  center.  It  occurs  in  Calcareous-Spar  from 
Gersdorf;  also  in  Zeolite,  and  Prehnite. 

3.  Acicular — Elongated  equally  thick  prisms,  ad- 
hering laterally  together,  present  this  appearance. 
It  occurs  very  distinctly  in  Acicular  Baroselenite 
from  the  Lorenzgegentrum  near  Freyberg,  and  in 
White-Lead- Ore  from  Glucksrad  near  Zellerrilld. 

4.  In  a  row  J  which  is  best  characterized  by  com* 
paring  it  to  a  string  of  pearls.  Thus  we  find  py- 
ramidal crystals  of  Quartz,  and  of  Cdcarcous-Spar 

K  ^  from 
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from  the  Seegea  Gottes  near  Gersdorf,  and  also 
crystals  of  Sidero-calcite  from  the  Alten  Hoffiiung. 

5.  Buddike  occurs  only  in  simple  pyramids  ivhose 
bases  are  connected  or  penetrate  each  other,  and 
vrhose  points  are  directed  towards  one  another. 
We  have  bud-like  drusen  of  Quartz  and  Calcareous* 
Spar« 

6.  Globular.  A  casual  aggregation  consisting  - 
mostly  of  tables  or  cubesy  which  occurs  sometimes 
in  cubical  or  octahedral  PyriteSi  sometimes  also  in 
the  well  known  globular  drusen  of  Calcareous-Spar 
and  Baroselenite  from  the  Churprinz,  and  the 
Seegen  Grottes  near  Gersdorf. 

7.  jirm/gdaloid'^jytusen  of  Baroselenite,  parti- 
cularly from  the  Isaac  near  Rothfurt,  which  con- 
sist internally  of  a  large  hexagonal  table,  on  which 
are  externally  accumulated  smaller  tables  upon 
smaller. 

S.  Pyramidal  occur  principally  in  prisms,  which 
are  nearly  parallel,  the  summits  inclining  a  little  to- 
ward  each  other.  The  central  prism  is  the  highest 
—very  common  in   Calcareous-Spar, 

9.  RoseMke  consists  of  thin  tables,  on  whose  la- 
teral planes  others  are  assembled,  which,  by  cros- 
.  sing  each  other  in  different  directions,  give  to  the 
aggregation  a  rose-like  appearance.  Baroselenite 
from  Joachimsthal,  formerly  well  known  by  the 
name  of  rose  from  Jericho. 


4.  Tht 
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4.  The  magnitude  of  crystals. 
§.  143. 

The  fourth  and  last  subject  to  be  considered 
with  respect  to  crystals  is  their  magnitude*  We 
have  here  to  consider  in  what  respect^  and  in  what 
manner,  their  magnitude  is  to  be  determined. 

§.  144. 

With  regard  to  the  former,  there  are  here,  as 
in  all  other  corporeal  quantities,  three  dimensions 
to  be  determined.  The  dimension  of  greatest  ex« 
tent  is  called  the  length,  that  of  smaller  extent 
the  breadth,  and  that  of  the  smallest  extent  the 
thickness.  But  in  determining  that  dimension  of 
the  prfsm  and  of  the  pyramid  which  extends  from 
one  end  to  the  otlier  we  apply  the  term  height  \ 
and  in  every  crystallization,  the  two  greater  dimen« 
sions,  if  equal,  are  generally  termed  the  breadth, 
and  the  two  smaller,  if  also  equal,  the  thickness. 

%.  145. 

With  respect  to  the  latter,  in  what  manner  these 
quantities  are  to  be  determined,  it  is  well  known 
that  this  can  be  accomplished  in  no  other  way 
than  by  comparison  with  some  other  assumed  quan- 
tity, which  is  called  the  measure;  for  which  pur^ 
pose,  and  in  order  to  obtain,  in  a  manner,  a  ge« 
neral  measure,  the  quantities  of  certain  parts  of 

tl]^ 
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tbc  human  body  have  been  adopted,  as  the  arm, 
foot,  band,  and  thumb.  As,  however,  the  stature 
of  men  varies  with  the  climate  under  which  they 
live  and  with  the  mode  of  life  which  they  pursue ; 
we  need  not  wonder  that  in  every  country,  or 
that  even  in  every  province,  these  assumed  quanti* 
ties  differ  so  considerably.  But  as  we  can  neither 
impose  on  the  public  any  one  of  these  several 
measures  as  an  universal  measure,  nor  expect  that 
each  reader  should  retain  in  bis  memory  the  mea- 
sure of  the  country  where  my  particular  author 
writes,  much  inconvenience  is  the  consequence  ; 
hence  I  have  endeavoured  to  discover  sonaie  kind 
of  general  measure  for  the  determination  of  the 
magnitude  of  crystals ;  and  which  is  the  more  apr 
plicable  as  their  size  cannot  be  very  accurately  as* 
certained.  With  this  view  I  have  assumed  seven 
degrees,  whose  relations  are  derived  fironi  the  mag* 
liitude  of  crystals  themselves,  and  which  may  be 
employed  in  ascertaining  their  size  in  each  species 

of  fossils.     These  I  have  determined  not  only  by 

• 

mentioning  the  crystalli^tions  to  which  they  prin- 
cipally belong,  but  also  l>y  shewing  nearly  the 
relation  which  they  bear  to  our  customary  mea,- 
aures  in  common  life.     They  are  the  following: 

I.  Of  an  uncommon  size ;  these  are  all  crjrstak 
whose  length  exceeds  two  feet.  I  have  not  met 
with  any  fossils  occurring  of  this  size  besides  Quarts 
and  Rock  cirystaU. 
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2.  V^ryhrge;  these  are  all  crystals  oeciirriiig  of 
a  length  i)etireen  two  feet  and  six  incbes.  Sacb 
nre,  the  very  lar^e  prismatic  Rock-crystals  from 
Swikaerland,  the  very  large  crystals  of  Gypsum 
froQi  Naumburg  on  the  Saale,  some  crystals  of 
QjKiarta,  of  Calcareous-Spar^  said  also  of  Fluor-Spar, 
though  rarely. 

3.  Large — are  those  crystals  which  are  found  of 
a  lengrth  varying  between  sis  inches  and  two 
inches.  Thus  we  have  large  llnstone  cr3r8tal8y 
large  cubical  Martial-Pyrites,  large  Rock-crystals, 
large  cubical  Fluor-^par,  large  crystds  df  Oaroet, 
Calcareous-Spar,  Baroselenite,  and  Gypsum. 

4.  Of  a  middling  size ;  are  all  crystals  occurring 
from  two  inches  to  half  an  inch  in  lengdi.  Of  a 
middling  size  are,  ciibical  crystals  of  Galena,  Tiii-> 
stone  crystals,  cubical  MartiaUPyrites,  crystals  of 
Topaz,  of  Calcareous^par,  and  cubical  Fluor-spar. 

5.  Small  i  such  are  all  crystals  oocurring  of  a 
length  between  a  half  and  ao  eighth  of  an  incfau 
Most  crystallizations  are  found  of  this  and  the  pre<* 
ceding  si2se.  We  have  small  octohedral  crystals  of 
Galena,  small  Tinstone  crystals,  small  crystals  of 
AraenicaUPyrites,  Rock-crystals  from  Stplbei^  io 
the  Harz,  crystals  of  Flu6r-spar,  and  Calcareousr 
Spar. 

6.  Fery  Small — are  all  crystals  occuring  of  a  length 
between  an  eigth  of  an  inch  and  such  a  size  as 
renders  the  form  still  distinguishable  by  the  naked 
eye.    Of  thb  size  are  the  very    small  cubes'  of 

Corneous- 
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Coroeous*Siker-Ore,  very  small  Tinstone  crysuls^ 

»  «         » 

very  small  cubes  of  Micaceous-Uranitic-Ore. 

7.  Minute  are  all  crystals  which  occur  of  so  sittaU 
a  size  that  their '  form  b  not  distinguishable  by  the 
naked  eye.  Such  are,  minute  crystals  of  Native* 
Gold,  minute  crystals  of  Green-Lead-Ore,  of  Ma^ 
lachite^  and  of  Sparry-Iron-Ore. 

§.  146. 

•  .  According  to  these  degrees  which  I  hava  assumed, 
it  is  merely  the  greatest  dimension,  or  length,  that 

is  to  be  Metermined;  the  smalleir  dimensions,  how- 

» 

ever,  should  be  cfeterinined  in  relation  to  the  grea^- 
ieri  as  e.  g.  the  small  double  trihedral  pyramid  of 
the  Diamond  is  very  low;  the  simple  pyramid  of 
Qrey-Antin)oniaJ-Ore  is  of  a  middling  size,  very 
narrow,  and  slender. 

•     §.  147. 

I  will  only  farther  observe,  on  the  subject  of 
crystallizations,  that  a  greater  number  occurs  in 
one  species  of  fossils  than  in  another.  Thus  for 
example,  Baroselenite,  Calcareous-Spar^  Garnet, 
Martial-Pyrites,  Galena,  and  Gypsum,  are  of  the 
number  of  those  fossils  which  present  the  greatest 
variety  of  crystallizations. 

4.  Extraneous  Forms,  or  Petrifactions. 

« 

|.   148. 

By  extraneotis  formsj  the  fourth  and  last  kind 
pf  external  formsu  are  understood  those  figures  of 

solift 
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solid  fossils  which  owe  their  origin  to  the  produc- 
tions of  the  animal  and  vegfetable  kingdoms.  They 
are  also  called  petrifactions,  ^mpreh^nding  al) 
diose  organic  bodies  and  their  parts  which  are 
found,  in  or  under  the  surface  of  the  Earth,  retain^ 
ing  either  wholly  or  in  part  their  ancient  form 
though  penetrated  throughout  with  lapideous,  me- 
tallic, or  bituminous,  particles. 

§.   149. 

To  the  term  petrifaction,  l^owever,  a  mnch  more 
fBxtensive  signification  is  in  general  annexed,  as  im- 
plying not  only  real  petrifactions,  but  also  calcined* 
substances  of  the  animal  kingdom,  impressionsf  of 
animal  and  vegetable  bodies,  and  pytn  incrustea^ 
(ubstances. 

# 

§.   150, 

It  is  the  immediate  province  of  Geognosy  to  con- 
^der  petrifactions  in  ,tfaeir  most  interesting  relations, 
vhich,  when  viewed  in  a  proper  light,  tend  greatr 

*  Such,  namely,  a^  having  lost  thdr  animal  }i<icet  have  alto 
loat  a  part  of  their  former  coherence  and  aolidity,  at—  fonji-bonct^ 
aMilt,  &c 

t  Thete  arc  mere  npcetcntationf  cither  of  the  external  or  d 
the  internal  turfacc.  The  former  are  called  iyf0lUii!  such  are  the 
usual  impretsiont  of  vegetables,  llie  latter  are  termed  mMcteii  *uch 
^le  those  pctxifactioni  which  bear  the  Sona  of  the  interior  of 
ahdls. 

*  • 

I  From  these,  hpwcver,  most  be  excluded  aU  faaUhtu  or  artiftUi 
sncrastations,  as  tbc'  reputed  petrified  birdVnesU,  eggt,  &c  pro> 
^acc4  by  the  inuncrsioo  of  thcK  lubttanccf  in  miaeral  wacen, 


I 
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\y  to  illustrate  tbe  history  of  the  Earth,  as  indi- 
cating the  various,  and  successive,  general,  and  par* 
tial,  catastrophes,  to  which  it  has  been  subject. 
Orjctogoosy,  on  the  other  hand,  has  no  further 
concern  with  petrifactions  than  as  far  as  fossib 
appear  in  extraneous  forms,  having  by  a  substitu* 
tion  of  particles  assumed  tbe  figures  of  animal 
and  vegetable  substances;  hence  a  cursory  view 
of  petrifactions  in  general  is  sufficient  for  our  pre« 
sent  purpose. 

%.   151. 

Numbers  of  petrifactions,  however,  are  found 
in  the  mineral  kingdom,  whose  originals  ^kb^r 
do  not,  or  are  not  known  to,  exist  in  the  animal 
and  vegetable  kingdoms ;  many  perhaps  being  re^ 
moved  beyond  the  observation  of  mankind  by  in- 
habiting the  greater  depths  of  the  ocean.  These 
are  commonly  classed  among  those  productions  of 
nature  to  which  tbey  seem  most  nearly  ftUied* 

§.  152. 

Of  those  petrifactions  whose  originals  are  kno^n, 
some  are  found  in  the  same  countries  in  which 
their  originals  exist,  as  e.  g.  the  petrifactiezis  de^ 
rived  from  every  class  of  the  animal  kingdom,  and 
the  various  impressions  of  vegetables,  so  common- 
ly met  with  in  the  slaty  Limestone  of  Oetiing; 
others,  on  the  contrary,  are  found  in  countries  far 
remote  from  those  inhabited  by  their  originals,  as 

e.  g* 
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e.  g,  the  fbssU  reiuains  of  the  Elephant,  Rhinoceros^ 
and  other  Indian  animals,  so  frequently  dug  up  m 
the  northern  regions  of  the  Earth. 

§.  153. 

Petrifactions  owe  their  origrin  to  animals  or  vege- 
tables ;  the  former  are  called  zoolites,  the  iattef 
pfn/tolites. 

Petrifactions  of  the  animal  kingdom  are  derived 
from  mammalia,  birds,  amphibia,  fishes,  insects,  or 
vermes, 

f  154. 

FlMrifactions  deriii;ed  from  the  class  of  mammaiia 
wot  disbagaiafaed  into  thote  of  aneii,  laad-antnidsy 
and  3ea-animals. 

With  respect  to  human  p^^riAkOttoiis^  it  is  .matter 
of  great  doubt  whether  those  which  have  been  con- 
sidered are  such  are  real  petrifactions,  and  even  whe- 
ther they  be  derived  from  the  human  race. 

Complete  petrifactioos  of  land-^imals  are  rarely, 
if  ever,  found  ;  asd  even,  their  parts  are  rather 
<m|cined  than  petrified,  seldom  forming  a  part  of 
the  solid  rock  itself,  but  commonly  only  penetrated 
or  incrusted  with  Stalaetite,  Marie,  or  some  such 
substance,  and  occurring  for  the  most  part  in  aU 
lavial  couoiries,  or  in  subterraneous  caverns  and  fis- 
sures. The  parts  of  quadrupeds  most  commonly  met 
urith  in  the  mineral  kingdom  are  bones  (osteolites,) 
teeili  (odontUiiesJ  to  which  the  turquoise  and  fossil 

ebiir 
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•bur  belong,  and  boms  (uratolites.)  Thus  the 
bones  and  teeth,  and  sometimes  the  skeletons,  of 
the  Elephant  and  Rhinoceirbs  are  found  in  Siberia, 
and  near  Burg  Tonna  in  the  Gotha  dominions,  im- 
bedded in  Marie ;  the  bones  of  Bears  occur  in 
great  quantities  in  the  Baumann's  cavern  in  the 
Harz,  and  in  the  Dragon's  cavern  in  the  Car* 
pathian  mountains.  The  bones  also,  and  even 
skeletons,  of  an  immense  unknown  animal,  com*- 
iponly  termed  the  Mammoth  or  carniverous  Ele- 
phant,  are  found  in  North  America,  in  Siberia, 
Germany,  and  Upper  Italy, 

Of  sea-animals  parts  also  are  commonly  tnet  with, 
itt  the  bones  and  teeth  of  Seals,  Sea-bears,  and  Sea- 
C0WS ;  a»  also  of  the  Whale  in  Peters-mount  near 
Maestricbt,  and  an  entire  skeleton  has  been  found 
near  Quebec  in  North  America. 

§.  155. 

Petrifactions  of  birds  (omitholites)  are  very  rare, 
and  scarcely  ever  found  complete,  being  in  general 
i>nly  single  bones.  Skeletons  of  aquatic  birds  are 
sometimes  met  mth  in  Limestone  near  Oening,  and 
in  slaty  Limestone  near  AichstStt. 

§.  156. 

Petrifactions  of  amphibious  animals  famphibiclitesj 
are  still  more  rare  than  those  of  birds.     Fossil  shells 
of  the  Tortoise    have  been  found    in    the    same 
yicinity  as  the   bones   of  the  Elephant   and  Rhi- 
noceros 
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Boceros  near  Burg  Tonna  ;  petrifactions  of  Froga 
and  Toads  are  sometimes  met  with  in  the  Swine* 
stone  of  Oening  ;  and  of  Lizards  composed  of 
Coal  in  the  Bituminous-Marlite  of  Mansfeld.  And 
a  petrifaction  of  an  unknown  animal,  but  bearing 
relation  to  the  Crocodile,  has  been  found  in  Alumi- 
nous-Sh^Ie  among  Ammonites  on  the  sea  coast 
near  Whitby  in  Yorkshire,  and  also  in  Compact 
Limestone  near  Blenheim  the  seat  of  the  Duke  of 
Marlborough. 

§.  157. 

I 

Petrifactions  of  fishes  ^iVrA//{^o/iV^jy/  are  infinitely 
more  numerous  in  the  mineral  kingdom  than  the 
preceding,  being  either  complete  petrifactions  of 
whole  fishes,  petrifactions  of  skeletons,  or  simple 
impressions  of  fishes  ;  sometimes,  however,  single 
parts  only  are  found,  as  the  well  known  glossapetr^ 
or  teeth  of  Sharks,  and  bufonites  the  supposed  teeth 
of  the  Wolf-fish.  The  originals  of  some  are  known, 
the  fresh*water  fish  of  the  Mansfeld  Bituminous 
Marlite,  and  of  Oening  Limestone ;  and  the  salt* 
water  fish  of  the  Pappenheim  Limestone;  but  the 
originals  of  a  great  part  are  stitt  unknowa. 

Complete  petrifactions  of  whole  fishes  occur  in 
the  Bituminous-Marlite  of  Thuringia,  consisting  in 
general  of  Coal,  but  sometimes  of  Calcareous-Spar 
in  .the  anterior  part,  and  of  Argillaceous-Iron^stone 
in  the  posterior.  Petrifactions  of  skeletons  are 
found  in  the  slaty  Limestone  of  Pappenheim  ;  and 

simple 
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simple  impressions  of  fishes  are  very  cotmnon  in  the 
Bituminous-Marlite  of  Mansfeld,  being  often  in* 
Tested  with  Copper-Pyrites,  Purple  and  Vitreous 
Copper-Ores.* 

§.  158. 

Petrifactions  of  insects  fentaiAolitesJ  are  rather 
rare,  .  Of  the  rariety  of  petrifactions  of  known 
fredi*wlrter  insects  found  in  Oening  Limestone, 
the  most  common  are  those  of  the  larr^s  of  the 
Dn^on-fiy  and  Water-scorpion.  Of  salt-water  in*- 
Kcts  we  have  Sea-crabs,  and  the  Monoculus  poly- 
bemus,  petrified  in  Pappenheim  Limestone.  Un- 
known are  the  originals  of  the  Trilobites  (entomo- 
lithus  paradoxus  Linn.},  of  which  petrifactions  are 
found  near  Prague  in  Bohemia,  and  in  Compact 
Limestone  near  Dudley  in  Worcestershire,  commonly 
known  by  the  name  of  Dudlry  fossil, 

§.  159. 

Petrifactions  derived  from  the  class  of  vermes 
(helminiholUesJ  are  by  far  the  most  numerous 
and  the  most  freqiient  in  the  mineral  kingdom ; 
but  of  their  originals  a  very  considerable  portion  is 
unknpwn^  They  most  usually  occur  in  calcareons 
tubstanoeft,   more   rarely  in  argUiaceons,  ao^  still 

more 

*  It  it  a  curious  remark  that  tke  Bituminout-Marlite,  which 
M  penetrated  throughout  more  or  Ins  with  Copper*Ore,  is  fbond 
ia  those  parts  to  be  most  prodvctive  of  Copper  in  which  the 
imprettions  abound. 
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more  rarely  in  siliceous;  being  either  loosely  im- 
bedded in  Marie,  Clay,  Sand,  and  pther  earths,  or 
firmly  combined  with  the  rock,  as  in  Compact 
Limestone^  Swinestone,  Chalk,  Flint,  Shale,  Alu- 
minous-Shale, Sandstone,  Homstone,  and  partak- 
ing more  or  less  of  the  nature  of  these  substances, 
as  consisting  of  Calcareous-Spar,  Chalk,  Flint,  Cal* 
cedony,  &c*  Sometimes  they  are  also  penetrated 
with  Martial-Pyrites,  or  with  Argillaceous-Ironstone. 
Petrifactions  of  vermes  are,  with  few  exceptions, 
derived  from  the  orders  of  testasea,  Crustacea,  or 
corallia. 

§.  160. 

Petrifactious  of  the  testaceous  order  of  vermes 
are  extremely  numerous,  and  frequently  occur  in 
rocks  of 'a  secondary  formation.  Sometimes  they 
are  found  only  calcined,  and  sometimes  mere  im- 
iressions  of  them,  or  their  nuclei,  are  met  with. 
Of  their  originals  many  are  unknown. 

Testacea  are  multivalve^  bivalve,  or  univalve. 
Petrifactions  of  the  miAtivalve  are  rare — ^we  have 
Balanites,  and  Pholadites.  Petrifactions  of  the 
bivalve  are  termed  Conchites,  and  of  the  univalve, 
Cochlites. 

Conchites  are  more  frequent  in  the  mineral  king- 
dom, both  with  respect  to  variety  and  number,  than 
Cochlites.  The  most  numerous  and  common  are 
— Myites,  Solenites  Tellinites,  Chamites,  Ostracites, 
Anomites,  Mytilites,  Pinnites.  Of  these,  some  are 
generally  found  complete,  possessing   both   valves 

entire 
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entire  and  close,  as  Myites,  Anomitesi  and  Mytilites ; 
others  commonly  occur  incomplete,  the  valves 
having  been  separated,  as  Teliinites,  and  Chamites. 
The  reason  of  this  is  doubtless  to  be  found,  partly 
in  the  superior  strength  of  the  hinge  of  some  bi- 
valves  over  others,  and  partly  in  the  greater  power 
vhich  their  inhabitants  possessed  of  contracting  the 
valves. 

Cochlites  either  possess  a  regular  spire,  or  are 
ivithout  any  regular  spire.  Of  the  former  we  have 
-— Nautilites,  Ammonites,  Lituites,  Lenticulites, 
Bullites,  Volutites,  Buccinites,  Strombites,  Muri- 
cites,  Turbinites  :  of  the  latter— Patcllites,  Den- 
talites,  Belemnites,  Orthoceratites.  Of  these,  as 
Ammonites  (which  are  found  in  such  amazing  quan- 
tities, ,  from  the  dimensions  of  a  cart-wheel  to  a 
very  small  size,)  Lituites,  Lenticulites,  Belemnites^ 
and  Ortfaoceratites,  the  originals  are  unknown,  but 
supposed  to  be  akin  to  the  Nautilus  by  reason  cf 
their  concamerations  and  general  structure. 

§.  161. 

■ 

Petrifactions  of  the  crustaceous  order  of  vermes 
include  Echinites,  Asterites,  Encrinites,  and  Pen- 
tacrinites. 

.  Petrifactions  of  the  complete  Echinus  are  very  rare, 
the  body  and  spines  being  generally  found  detached 
from  each  other.  The  most  usual  petrifactions  are 
nuclei,  commonly  consisting  of  siliceous  substances, 
particularly  Flint,  more  rarely  of  Cha^k  or  calca- 
reous 
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tcoMs  matter,  though  most  frequently  imbedded  irt 
Chalk.     Of  several  Echinites  the  originals  are  still 
I  unknown. 

Of  the  Asterias,  or  Sea-stsir,  the  petrifaction^ 
commonly  met  with  possess  five  rays,  seldom  more 
than   ten. 

Petrifactions  of  the  complete  Encrinus,  as  con- 
sisting of  the  head  or  body,  the  pentagonal  articu-^ 
lated  stem,  and  cylindrical  jointed  arms,  are  ex- 
tremely rare.  The  parts  most  commonly  found  in 
the  mineral  kingdom  are  the  Astcrise  or  Star-stones, 
either  single,  or  jointed  as  forming  a  part  of  the 
main  stem.  The  petrified  head  is  more  rarely  met 
with ;  in  this  state  its  six  dichotomous  branches 
are  closed  up  together,  and  bearing  some  resem* 
blance  to  the  form  of  a  lily  it  has  obtained  the 
name  of  Lilystone^  To  a  marine  animal  of  the 
same  genus,  but  of  si  different  species,  it  is  probable 
that  the  Trochites  and  Entrochites  belong,  being 
sometimes  found  attached  to  a  head  resembling,  in 
some  measure,  that  of  the  Encrinus,  possessing  also 
similar  arms>  but  differently  disposed  on  the  stem^ 
The  Trochites^  also  called  St.  Cuthbert's  beads,  are 
the  single  joints ;  the  Entrochites,  parts  of  the 
jointed  stem,  being  like  the  arms  cylindrical.  En- 
crinites  are  generally  found  imbedded  in  Compact 
Limestone,  sometimes  in  Hornstone,  and  usually 
consisting  of  Calcareous-Spar ;  but  nuclei  of  the 
Entrochites,    commonly   called    Screw-stones,    are 

L  sometimes 
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sometimes  composed  df  Iron-stone,  Horn^stone,  or 
Quartz. 

PentacriniteS)  of  which  the  most  remarkable  pe- 
trifactions occurred  formerly  in  the  Wirtemberg 
dominions,  and  principally  near  Ombden,  in  Bi- 
tuminous-Marlite,  are  extremely  rare.  The  Penta* 
crinite  consists  of  a  large  body  divided  into  mkny 

branches,    and  affixed    to   a    simple  jointed  stem 
destitute  of  arms.     Its  original  is  unknown. 

§.  162. 

Petrifactions  derived  from^  corallia  (many  of  the 
originals  of  which  are  uuknown)  either  appear  in 
arborescent  forms,  being  generally  termed  Coral* 
lites  ;  or  they  present  the  appearance  of  sponges 
or  fungi,  called  in  common  Fungites.  They  most 
usually  occur  in  Compact  Limestone^  sometimes 
consisting  of  siliceous  substances,  but  more  com** 
monly  of  calcareous. 

{.  163. 

Petrifactions  of  vegetables  are  much  less  numerous 
in  the  mineral  kingdom  than  those  of  animals^ 

The  most  usual  are  those  of  wood,  as  the  pe- 
trifactions of  the  trunk,  branches,  or  roots  of  trees, 
commonly  consisting  of  siliceous  substances,  as 
Wood-stone,  Jasper,  Hornstone ;  more  rarely  of 
calcareous  or  ferruginous ;  and  generally  imbedded 
in  Sand,  Clay,  Marie,  &c.  The  texture  of  the 
wood  is  sometimes  so  distinctly  preserved  that  the 

kind 
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kind  of  tree  may  be  determined  almost  to  a  cer- 
tainty. 

Impressions  of  vegetables  are  not  uncommon, 
being  chiefly  found  in  the  strata  of  Coal  countries^ 
as  in  Shale,  Bituminous-Shale,  Swinestone,  Bitu* 
Ininous-MarKte,  Sandstone,  Coal,  ,  ArgiUaceous* 
Iroostone,  &c« ;  but  they  rarely  occar  so  perfect 
Or  distinct  that  their  originals  might  be  known; 
Indeed  with  many  of  them  we  are  totally  unac^ 
quainted,  as  the ,  large  scaly  impressions  so  fre- 
quent in  the  Coal  strata  of  Germany  and  England 
^-'the  impressions  in  Shalei,  commonly  considered 
as  derired  from  Ferns-^and  many  others. 

With  respect  to  petrifactions  of  the  blossoms  oi^ 
flowers  of  plants,  it  is  very  doubtful  whether  any 
such  have  really  been  met  with ;  and  as  to  fruits^ 
seeds,  or  seed-vessels,  real  petrifactions  of  them 
are  much  more  rare  than  is  generally  supposed. 

I 

2.  The  estemal  sur/ace^ 

5.  164. 

The  external  surface  is  the  second  particular  g§^ 
neric  character  observable  in  solid  fossils  by  the 
sights  In  speaking  of  the  external  form  of  fossila 
we  understand  the  relation  which  their  single  sur- 
faces bear  to  each  other  in  respect  of  shape  and 
position ;  but  in  speaking  of  the  external  surface 
we  consider  these  surfaces  accordingly  as  tbey 
possess  greater  or  smaller  inequalities,  or  are  other* 

L  2  wiss 
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iprise    particularly   formed.     The  external   surface 
of  solid  fossils  is  either  uneven^  granular^  drusyf 

Tough^  scaly  J  smooth^  streaked^  or  rugose. 

« 

^  165. 

•  Uneven  is  that  kind  of  external  surface  which 
consists'  of  small  irregular  elevations  and  depres- 
«ons,  that  in  relation  to  each  other  are  sometimes 
smaller,  sometimes  larger.  We  find  it  in  Calce*- 
dony,  and  in  crystals  of  Galena,  from  the  upper 
Adit  of  the  Isaac  near  Freyberg.. 

§.  166. 

Axk  external  surface,  consisting  of  very  small 
round  elevations  nearly  equal  to  each  other,  is 
said  to  be  granular.  It  occurs  almost  solely  in 
some  crystallizations,  as  in  the  Brazilian  Diamond ; 
sometimes  also  in  reniform  and  stalactitiform  Brown 
Haematites. 

§.  167. 

Drusy  is  that  external  surface  of  a  fossil  whidr 
is  composed  of  very  small  and  minute  prominent 
crystals,  nearly  equal  to  each  other.  A  drusy  sur- 
face occurs  frequently  in  Martial-Pyrites,  particu- 
larly in  the  hexahedral  prismatic;  sometimes  like- 
wise in  duartz  crystals  and  others. 

§.  let.    . 

Rough  is  that  external  surface  which  consists  of 
minute,  and  almost  imperceptible,  elevations,  which 

are 
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are  sometimes  sbarp^  sometimes  blunt.  Of  this 
kiod  we  have  cellular  Quartz,  Rock-crystal  peb- 
blesy  coralliform  Stalactite. 

4.  169. 

An  external  surface  composed  of  slender  splin< 
ters,  or  small  thin  flakes,  resembling  scales,  is  said 
to  be  scaly.  We  have  Chrysolite  with  a  scaly 
surface. 

§.  170.- 

An  external  surface,  entirely  destitute  of  eleva- 
tions or  prominences,  is  said  to  be  smooth.  Thus 
we  have  specular  Haematites,  cubical  Galena,  cubi- 
cal Fluorspar,  and  many  others* 

f  171. 

Streaked  is  an  external  surface  consisting  of  small 
and  almost  imperceptible  elevations,  which  are  con- 
tinued in  one  straight  direction  and  parallel  to  each 
ether:  A  streaked  surface  occurs  almost  solely  in 
crystallizations,  and  is  distinguished  into  the  fol- 
lowing kinds,  according  to  the  different  direction 
of  the  streaks  in  relation  to  the  planes  of  the  crys- 
tals.    Singly  streaked  surfaces  are, 

1 .  Transversely 'Streaked^  when  the  streaks  run 
X>arallel  with  the  breadth  of  the  lateral  planes;  as 
in  Rock-crystals. 

2.  Longitudinally-streaked  J  when  the  streaks  run    ^ 
parallel  with  the  length  of  the  lateral  planes.     Of 

this 
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this  kind  we  bave  Topaz  from  Scbneckenstein  neaf 
Aoerbach  in  Saxony,  prismatic  Shorl,  and  many 
pthers, 

3.  Diagonally  streaked f  wben  the  streaks  run 
parallel  witb  the  diagonal  of  the  lateral  planes, 
as  in  cabica)  Cinnabar  from  Almada  in  Spain,  cu- 
bical Specular-IroD-Ore  from  Altenberg  in  Saxony. 

4.  AUematehf-streakedj  vihtn  tbe  streaks  of  a 
crystallization  run  parallel  with  the  sides  of  it^ 
planes,  yet  differ  in  direction  witb  those  of  the 
adjoining  planes,  and  preserve  the  same  direction 
with  those  of  the  opposite  planes,  as  in  cubical 
Martial-Pyrites  with  a  streaked  surface. 

Doubly-streaked  surfaces  are : 

1.  Plumiformly'Streakcdy  when  the  streaks  from 
two  opposite  points  meet  under  an  acute  angle  in 
a  straight  line,  which  forms  the  division  between 
(hem,  thus  bearing  some  resemblance  to  a  feather, 
whence  the  denomination  is  derived.  Plumiformly- 
streaked  occurs  in  laminae  of  Native-Silver  fron^ 
Mexico,  and  in  Native-Bismuth.  * 

2.  Betiformly-streaked — an  external  surface  prcr 
senting  several  straight  streaks,  resembling  slight 
incisions,  which  are  partly  parallel  with,  and  part- 
ly intersect  each  other  at  right  angles.  It  must 
not  be  confounded  with  retiform,  which  was  noticed 
among  the  particular  external  forms,  and  to  which 
it  bears  some  resemblance.  Hitherto  Grey-Cobalt« 
Ore  and  Native-Silver  only  have  been  found  witl^ 
ffc  retiformly-streaked  surface. 

\.  11%, 
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§.  172. 

A  rugose  surface  is  that  which  consists  of  several 
very  slight  linear  elevations,  forming  different  iri*e*  - 
gular  curves.    It  occurs  in  Calcedony,   and  erjs- ) 
tab  t>f  Calcareous^Spar  from  England* 

3.  The  external  lustre^ 

§.  ns. 

Hie  external  lustre  is  the  third  particular  generic 
character  of  sdid  fossils,  and  the  last  of  those 
vbich  constitute  the  external  appearance.  As  the 
lustre  which  we  observe  on  the  external  or  natural 
surface  of  a  solid  fossil,  as  also  on  that  of  a  friable 
or  fluid  fossil,  is  the  same  as  that  which  appears 
on  its  internal  surface,  and  is  determined  in  the 
same  manner;  the  difference  being  only  that  in 
the  one  or  the  other  species  or  variety  the  lustre 
is  stronger  or  weaker  externally  than  internally: 
I  shall  in  this  place  treat  of  the  lustre  in  geqeral^ 
and  refer  my  readers  hither  whenever  it  may  be 
spoken  of  hereafter. 

*  By  lustre  in  general  is  understood  the  relation 
which  a  fossil  bears  to  that  reflection  of  light  which 
is  caused,  partly  by  a  smoothness  of  the  surface^ 
or  at  least  of  the  aggregated  parts  w^hich  constitute 
the  surface,  and  partly  by  its  density.  The  former 
is  tbe  cause  of  the  different  degrees  of  intensity^ 
the  latter  of  the  different  kinds^  of  lustre. 

f  174. 
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§.  174. 

The  intensity  of  the  lustre  cannot  be  determined 
iQ  ^ny  other  manner  than  by  certain  assumed  de- 
grees. I  have  adopted  the  five  following :  resplen^. 
dent,   shining^    weakly-shinin^y   gliminering,    and 

§.  175. 

A  fossil  which  presents,  even  at  a  con«derabIe 
distance,  a  dazzling  ,histre,  is  said  to  be  resplen" 
dent.  This  is  the  strongest  kind  of  lustre  and  al« 
Teays  accompanied  with  a  smooth,  and  generdly 
an  even  surface,  being  then  specular.  Resplendent 
are — Native-Quicksilver,  crystals  of  Grey-Antimo- 
nial-Ore,  the  external  surface  of  most  Tinstone 
crj'Stals,  of  crystallized  Cinnabar,  of  prismatic  crys- 
tallized Arsenical-Pyrites,  the  external  surface  and 
particularly  the  fracture  of  Rock-crystal,  the  frac- 
ture of  Galena,  especially  of  that  which  breaks 
into  cubical  fragments,  of  White-Lead-Ore,  and 
.fluor-Spar. 

§.  176, 

A  fossil  is  said  to  be  shining  when  its  lustre^ 
though  perceptible  even  at  a  distance,  is  not  sa 
distinctly  observed  as  on  i^  nearer  approach.  This 
is  the  second  kind  of  lustre,  being  somewhat  weaker 
than  the  foregoing,  and. generally  accompanied  by 
;^n  uneven  fracture.      Shining  are-^Grey*Copper-<' 

Ore. 
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Ore,  Prasium,  frequently  also  Quartz,  the  fracture 
of  Vitreous-Copper-Ore,  of  Sulphurated-Nickel, 
Arsenical-Pyrites,  BaroselenitCi  of  most  Calcareous* 
Spars,  and  Pitchstone. 

§.  177. 

JVeakfy^shining-^is  a  fossil  whose  lustre  is  per« 
ceptible  within  a  short  distance  only,  even  then  ap- 
pearing rather  feeble.  Of  this  kind  of  lustre  is 
black  Magnetic-Ironstone,  Native-Silver,  the  frac^ 
ture  of  Tinstone  crystals,  of  Grey-Copper-Ore, 
Martial-Pyrites,  Fibrous  Gypsum,  of  Jade^  mq^ 
Quartz,  and  Garnet. 

§.  178. 

Glimmering'^is  when  only  some  of  the  minuto 
figgregated  parts  of  a  fossil,  which  constitute  its 
surface,  reflect  a  feeble  light.  We  have  glimmer- 
ing— Earthy'  Talc,  the  fracture  of  Grey-Silver- 
Ore,  of  Compact  Galena,  Hoematites,  Grey-Co- 
|>alt*Ore,  Flint,  of  Steatites,  and  Argiliite^ 

f.l79. 

Dull — is  a  fossil  whose  surface  is  destitute  oflus* 
tre.  Of  this  kind  are  most  friable  fossils,  and  among 
the  solid  those  .in  particular  which  possess  an  earthy 
^^cture;  but-  of  fluid  fossils  not  one.  Dull- 
are  Compact  Malachite,  Indurated  Earthy-Lead-Ore 
(from  Rautenkranz  near  Johann-Georgenstadt),  grey, 
^ed,  and  brown^  Argillaceous-Ironstone  (frqfd  Weh- 

W4 
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rau  in  Upper  Lusatia),  BIue-Martial-Eartb,  Gala* 
niine.  Yellow,  Brown,  and  Black-Cobalt-Ores, 
Hornstone,  Lapis-Lazuli,  Mountain-Cork,  Tripoli, 
Chalk,  Marie,  and  many  others. 

§.  180. 

The  kind  of  lustre  differs  accordingly  as  fossils 
possess  a  greater  or  a  less  degree  of  density.  Two 
kinds  are  principally  to  be  observed,  common^  and 
rnetallic.  The  former  belongs  chiefly  to  earths, 
itones,  and  salts,  and  is  distinguished  into, 

1.  Glassy4iLstre — ^Thisis  peculiar  to  earths,  stones, 
and  crystals.  Distinct  in  Quartz,  Rock-crystal, 
Calcareous-Spar,  and  Fluor-Spar. 

2.  Waxy  or  grea^-lustre ;  which  occurs  in  Cor- 
oeous-Silver-Ore,    Yellow    and    Green-Lead-Ores, 

Opal. 

3.  Mother-of-pearl  lustre y  in  Zeolite. 

4.  Diamond4ustrey  which  is  a  mean  between 
the  foregoing  and  following ;  as  in  Diamond,  Jar- 
gon, and  White-Lead-Ore. 

5.  Semi-metallic  J  which  is  a  metallic  lustre  ap- 
proaching to  the  glassy;  as  in  Mica,  and  Hoema* 
tites. 

Metaliic-lustre  is  peculiar  to  the  most  dense  sub- 
0tances  of  the  mineral  kingdom— metals  and  the 
greater  part  of  their  ores ;  as  Native-Gold,  Native- 
Quicksilver,  Native-Silver,  Vitreous-Silver-Ore,,  Cop* 
pfer-Pyrites,  Galena,  and  many  others. 

The 
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The  internal  appearance, 
§.  181, 

We  now  proceed  to  the  internal  iqppearanoe  of 
solid  fossils,  which  comprises  the  appearance  rf 
the  fracture^  and  the  appearance  of  the  distinct 
concretions. 

By  this  internal  appearance  is  understood  whatv 
ever  may  be  perceived  by  the  sight  in  a  fossil, 
which,  no  longer  possessing  its  external  or  natural 
surface  but  having  been  broken  by  art,  presents 

new  or  fresh  surface. 


The  appearance  of  the  fracture. 

§.  182. 

If  in  breaking  a  fossil  it  divides  completefy  through 
its  interior,  and  not  in  the  direction  of  natural 
rifts  or  slight  fissures;  the  new  surface  which  thus 
arises  is  the  surface  of  the  fracture,  and  all  the 
characters  perceptible  in  it  are  the  characters  of 
the  fracture.  Here  also,  as  well  as  in  the  exter* 
nal  appearance,  three  kinds  of  characters  occur; 
and  these  are,  the  internal  lustre,  the  fractvire^ 
1^0*4  ^pform  of  the  fragn^nts. 

K  The  internal  lustre. 
§.  183. 

The  internal  lustre  is  therefore  the  first  of  tboss 
^sternal  characters  which  belong  to  the  appearance 

«f 
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of  the  fracture,  and  the  fourth  partiailar  generic 
character  observable  in  solid  fossils  by  the  sight. 

As  in  the  foregoing  sections  the  lustre  has  been 
generally  considered,  I  refer  my  readers  thither; 
remarking  here  only,  that  in  determining  the  ex« 
fernal  conception  of  a  solid  fossil  the  internal  lus-. 
tie  is  much  more  to  be  relied  upon  than  the  ex* 
lernal. 

2.  The  fracture^ 

§,  I84. 

The  fraeturey  which  is  also  oftentimes  called  the 
structure  or  texture,*  is  the  fifth  particular  ge^ 
neric  character  of  solid  fossils,  and  the  second  of 
those  M'hich  constitute,  the  appearance  of  the  frac- 
ture. By  it  is  understood  the  form  of  the  inter- 
nal surface  of  a  solid  fossil.  This  form  of  the  inter- 
nal surface  results  from  that  of  the  minute  parti- 
tides  which  compose  a  fossil,  and  which  are  too 
small  to  be  distinguished  by   the  sight. 

Now,  the  internul  surface,  or  that  of  the  frac- 
ture, either  presents  the  appearance  of  an  uninter- 
rupted (unjointed)  solid  continuity-^(from  which  re* 

3ults 

*To  those  kinds  of  fracture  only  is  the  term  texture  appro- 
priate in  which  peculiar  distinct  parts,  of  which  the  fpssil  is 
aggregated,  are  perceptible;  as  vh  the  fibrous,  striated,  and  foli- 
ated ;  and  then  by  texture  is  understood  the  difFerent  aggregar- 
tion  of  these  distinct  parts.  Hence,  it  cannot  be  said  of  the  con- 
choidal,  even,  and  other  compact  fossils,  that  they  have  a  texture, 
because  we  do  not  perceive  in  them  peculiar  dbtioct  parts, 
which  form  a  texture ;  it  is  therefore  a  misapplication  of  the  tcro^ 
to  speak  indiscriminately  of  the  texture  of  fossils. 
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suits  the  compact  fracture^  which  is  further  distin^ 
guished  according  to  its  greater   or  smaller,  and 
diSerently  formed,  inequalites)-— or  it  bears  the  as- 
pect of  an  .aggregation  of  smaller  distinct  parts f 
which  communicate  to   the  fracture's  surface  a  pe- 
culiar   appearance,   the  continuity  seeming   inter- 
rupted, or  jointed,  in  a  manner.     They  are  called 
distinct^  being   actually  separated  by  nature ;   and 
partSj   not  admitting,    as   the  distinct  concretions^ 
a  perception  of  the  three  corporeal  dimensions,,  * 
Suitably  to  these  distinctions,   the  fracture    has 
been  divided  into  two  chief  kinds,  the  compact  and 
the  jointed  fracture. 

The  compact  fracture* 

§.  185. 

The  compact  fracture  is  that  in  which  no  partt* 
cular  or  distinct  parts  are  discernible ;  but  the  mi- 
nute particles  are,  in  a  manner,  immediately  and 
uninterruptedly  connected  with  each  other.    It  is 

the  most  common  kind  .  of  fracture  occurring  in 
fossils.  In  relation  to  the  difference  of  the  ine- 
qualities with  which  it  is  found,  we  have  the  fol- 
lowing  kinds;  splintery^  even^  conchoiddl^  uneven^ 
€arthyj  and  hackly. ' 

§.  136. 

Splintety'^is  that  kind  of  compact  fracture  whose 
surface  is  not  interrupted  or  broken  by  many  re- 
markable elevations,  but  in  which  small  splinters 

Off 
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or  scales  are  here  and  there  perceptible  ;  being 
rendered    particularly    visible   by    the  light  trans-^ 
Baitted    througb    them    to    the    surface    beneath. 
These  splinters   are   thicker  at  the  one  end,    by 
irbich  they  generally  still  perfectly  adhere,  than  at 
the  other,  where  they  are  separate  and  terminate 
in  an  edge.     With  the  splintery  fracture  a  certain 
degree  of  transparency  is  always  combined,  even 
if  the  fossil  to  which  it  pertain^  should  be  trans- 
'  lucent  only ;  for  otherwise  the  splinters  would  not 
be  perceptible.    If  fossils  occur  with  a  splintery 
fracture,  .and  are  also  at  the  same  time  resplendent 
and  transparent  or  senli-transparent,  they  are  called 
viscous.     The  splintery  fractm'e  passes   into  the 
even  and  uneven,  and  sometimes  also  into  the  con- 
choidal  and  earthy ;  from  the  first,  the  even  frac- 
ture, it  differs  little,  so  that  it  might  be  almost  con- 
sidered as  its  sub-variety*    It  is  distinguished  into 
coarse  and  fine  splintery :   of  the  former  kind  are 
most  Quartz  and  Prasium,  Jade  and  coarse^splin- 
tery  Limestone ;  of  the  latter,  Hornstone,  and  fine- 
splintery  Limestone. 

§.  187. 

That  kind  of  compact  fracture  which  is  destt« 
tute  of  elevations,  or  only  provided  with  a  few, 
and  such  as  are  indeterminate  and  mostly  flat,  is 
called  even.  It  passes  into  splintery  and  conchoi- 
dah  Fossils  pccuring  with  an  even  fracture  are 
most  usually  only  glimmering,  perfectly  transpa- 
rent 


• 
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rent  never*  As  examples  we  have  the  fraotare  of 
Compact  Galena^  Grey-Cobalt-Orp^  Calcedonyy 
yellow  Carnelian^  Chrysoprasium^^  Basaoitey  aad 
others. 

§.  188. 

The  fracture  of  a  compact  fossil  is  conchoidal 
when  consisting  of  flat  round  elevations  and  de- 
pressions, which,  if  this  kind  of  fracture  be  per- 
fect, are  also  accompanied,  with  circular  wrinkles, 
as  in  Chamites;  and  hence  possess  a  conchoid  ap- 
pearance, from  which  the  denomination  is  derived. 
Conchoidal  is  further  distinguished,  according  to 
the  magnitude  of  the  elevations  and  depressioM^ 
into  large  and  small;  according  to  their  appear- 
ance, into  perfect  and  imperfect;  and  according 
to  their  depth,  into  deep  and  Jlai^  conchoidal*  It 
passes  partly  into  even,  partly  into  uneven,  some^ 
times  also  into  splintery*  When  also  shining,  it 
is  called  ^scorious.  Of  this  kind  of  fracture  we  ind 
Vitreoiis^Cdpper^Ore,  Compact  Specular-Iroa-Ore, 
Rock-crystal,  Ojpal,  red  Camelian,  Egyptian- 
Stone,  Stri^au  and  Lemnian  Bole,  Flint,  Obsi« 
dian,  and  many  others.  The  two  last  shew  it  most 
perfectly. 

§.  189. 

Untoen-^is  that  kind  of  compact  fracture  whose 
surface  is  completely  interrupted  by  irregular,  and 
rather  large,   angular  elevations^  and    depre^ons. 

The 
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•f  he  uneven  fracture  occurs  chiefly  in  fossils  which 
are  opake,  shining  and  weakly-shining.  It  is 
generally  accompanied  with  some  lustre.  When 
the  elevations  of  the  uneven  fracture  are  large,  it 
is  said  to  be  coarse-grained  ;  *  and  contrariwise, 
small  and  Jine  grained.  It  passes  into  conchoidal 
and  even.  The  uneven  fracture  occurs  in  Grey* 
Silvef.Ore,Grey-Copper.Ore,  Copper- Pyrites,  black 
Magnetic-Ironstone,  Tinstone,  Martial  and  Arseni- 
cal-Pyrites ;  sometimes  also  in  Cinnabar,  Red-Silver- 
Ore^  and  Native-Silver. 

§.  190. 

J^ar/Ay-^is  that  kind  of  compact  fracture  wbosd 
surface  is  composed  entirely  of  small  rpogh  ele« 
TatioDS*  Being  of  .a  rough  earth-like  appearance^ 
and  pertaining  chiefly  to  indurated  earths^  the  fossibi 
in  which  it  occurs,  are  generally  destitute  both  of. 
lustre  and  transparency.  The  earthy  fracture  oc* 
curs  most  commonly  in  earths  and  stones.  It 
passes  partly  into  even,  partly  into  uneven.  Of 
an  earthy  fracture  we  have  ArgiUaceoii»»Iron-stofie 
(from  Wehrau  in  upper  Lusatia,)  compact  Eartby- 
Lead-Ore,  Compact  Calamine,  Brown-Cobalt-Ore, 

compact 


*  By  the  jTAM  are  undentood  Aoie  elevatiant  which  a  compacc 
fossil,  postessijig  an  uneven  fractare,  prctenu  on  the  internal  sur* 
face.  It  is  true  this  expression  is  commonly  applied  to  the  fracture 
in  ge&eral  j  it  were  beDfccr,  kowcvcr,  to  confine  it  lolcly  to  this 
ki^  of  compact  Cracture* 
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compact  Marle^  Indurated  Clay,  Tripoli,  Chalk ; 
sometimes  also  Lime-stone^  Swine-stOQe^  and  many 
others, 

§.  101. 

JKirit^.«-»Thi8  kind  of  compact  frtUsture  is  .en* 
tirely  composed  of  sharp  pointed  pattsj  protruding 
from  the  tntemal  surface,  and  it  is  chiefly  characte- 
ristic of  the  metals,  and  peculiar  to  them.  It  oc* 
curs  in  Native-Gold,  Natire-Silver,  Native-Copper, 

* 

and  Native-Iron. 

The  jointed  fracture. 

§.  192. 

The  jointed  fracture  is  that  in  which  particular 
distinct  parts  are  discernible,  and  which  are  actu- 
ally separated  by  nature  but  do  not  admit  a  per« 
ceplion  of  the  three  corporeal  dimensions.  In  re* 
lation  to  the  difierent  appearances  of  these  distinct 
parts,  and  to  their  dimensions,  the  jointed  fracture 
has  been  distinguished  into  the  fibrous^  striated^ 
foliated,  add  slaty. 

§.  193. 

Fibrous  is  that  kind  of  jointed  firacture  of  solid 
fossils  in  which  certain  larger  parts,  resembling 
lines,  are  discernible,  and  the  smallest  aggregated 
parts  distinct.  Fibrous  fossils  can  scarcely  ariaa 
otherwise  than  from  a  peifeet  solation;  whereas 

M  several 
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8eTf?tal  of  tbe*  foremetioned  compact  fessils  are  mere 
.    indurations  of  the  friable.    It  seems,  boweiEery  as 
if  those  fossils  in  which  it  occurs  had  not  been 
so  intimately  dissolved,  or  at  least  had  not  enjoyed 
the  same  degree  of  rest  in  their  formation,  as  the 
foliated  :  siace  a  {[reat  part  of  them  ar<Me  stalac- 
titically,  u  e.  by  a  succession  of  drops,  and  the 
remainder  are  generally  found  massive,  scarcely  any 
ever   crj'stallized.     This  kind   of  fracture  oecurs 
,  weakly-shiniDg,  or  even  glimmering  oii^*    Fibrous 
fossils  are  also  translucent  only,  .the  generality  in- 
deed are  quite  opake.    The  fibrous  fracture  is  fur- 
ther distinguished  according  to  the  thickness^  the 
direction^  the  position^  and  the  lengthy  of  the  fibres. 
In  relation  to  the  thickness  of  the  fibres,  fossils 
are  said  to  be  coarsCy  fine^  w  delicute^kbrons.    A 
fossil  comes  under  the  latter  denominations,  when 
its  fibres  on  the  fracture  are  so  very  fine  as  to  reader 
^  their  thickness  undiscertiible  to  the  naked  €ye :  as 
for    example,    in    fine    Fibrous   Malacbite*    Black 
Haematites,   and    Red^AntimoniaUOre,  in  deUcate 
Fibrous  Wood-Tin^Ore,  Amiwtbus,  and  StalacUte ; 
under  the  former,  when  a  certain  thickness  in  the 
fibres  may  be  perceived  by  the  naked  eye,  as  in 
coarse  Fibrous  Grey-Ore  of  Manganese,  Gypsum, 
..and  Rook  Salt.     Through  the  last  variety  fibrous 
-passes  into  striated. 

With  re!i}pect  to  the  directiMj   the   fiibres   ftfe 

^curved  or  straig/U.    The  former   occur    in  Blade. 

Hcematitei),.  and  Fibvoua  Roek^salt,  sometimes  also  in 

Fibrous 
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Rbrous  Gypsum ;  tfa^  latter  ia  Red  Hcematheiy 
Fibrous  Grey-Ore  of  Manganese,  Fibrous  Grey- 
Antimonial-Ore. 

The  position  of  the  fibres  is  either  parallel,  di» 
^^^S^^Sy    or  promiscuous*    The  fibres  are  parallel 
\rhen  all  continue  in  one  direction,   as  in  paraM 
Fibrous  Red  Hdematites,   Fibrous   Rocksalt,    Ami- 
anthus,  and  Fibrous  Gypsum:  divergingy  when  M 
unite  at  one  end  in  a  common  center,   but  at  the 
other  tend  to  different  points.      Direrging-fibroua 
IS  distinguished  mto  stelliform  and  scopiform;  stel^ 
liform,   when  the  fibres  are  directed  from  a  com- 
mon center  to  every  side,  as  in  stalactitiform  Black 
'Hoematites,    reniform    Red    Rcematites,    globular 
White-Cobalt-Ore    (from    Giromagny   in  France,) 
coralliform    Stalactite,    stelliform   Fibrous  Zeolite, 
and  many  others;   scopiform,  when  the  fibres  are 
also  directed  from  a  common  center,  but  tending 
only  to  one  side  or  to  two  opposite  sides,  the  mid- 
die   fibres  being  also  often  longer  than  the  other^ 
and  communicating  to  the  whole  an  elongate  ap- 
pearance.     Scopi form-fibrous    occurs    in    Fibrous 
Malachite,    and    Red-Antimonial-Ore.     The  libres 
are  promiscuous  when  all  lie  one  among  another 
and  intersect  each  other  in  very  different  direc- 
tions.   Promiscuous-fibrous    occurs   in    Grey-Anti- 
monial-Ore. 

In  relation  to   the  length  of  the  fibres,    fos^ib 
occur  either  long  or  short  fibrous.    Long-fibrous, 

M  2  arc 
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,ftre  Gypsam  and  Amianthus^  skort  fibrooi,  Jtei* 
Hceoiatites. 

§.  194. 

Striated  is  tbat  kind  of  jointed  fracture  which  coin 
jSists  entirely  of  long  and  narrow  parts  resembling 
planesy  laid  partly  on  and  partly  beside  each  other, 
and  in  which  the  smallest  aggregated  parts  of  the 
fossil  are  distinct.  These  parte  are  called  strise, 
.  and  form  a  mean  between  fibres  and  folia.  They 
have  proportionably  a  much  greater  length  thaa 
breadth,  apper  to  possess  scarcely  any  thickness, 
are  commonly  pointed  at  the  one  end  and  broad<« 
er  at  the  other,  and  generally  perfectly  straight. 
Fossils  possessing  a  striated  fracture  are  frequently 
shining  or  resplendent ;  but  nerer  semi-transparent 
.  or  transparent.  The  striated  and  fibrous  fractures 
occur  the  most  rarely  in  fossils.  Striated  is  fur- 
ther distinguished  according  to  the  breadth^  the  di" 
rectiortf  the  position,  and  the  length  of  the  striae. 

In  relation  to  the  breadth  of  the  strise,  fossils  are 
narrow 9  broad,  or  veti/  broad-stnated*  Narrow f 
when  the  breadth  of  the  striss  in  proportion  to  their 
length  is  very  small,  thus  approaching  to  the 
fibrous,  intp  which  this  variety  passes.  Narrow* 
striated  are— Azure-Copper-Ore,  Martial-Pyrites, 
jStriated  Red-Cobalt-Ore,  Striated  Limestone,  and 
.  others.  Broad,  when  the  breadth  of  the  striae  in 
comparison  with  their  length  is  considerable,  as  in 
broad-striated  Zeolite,  Actynolite,  and  Hornblende. 

Very-broadp 
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Fety-broad,  when  the  stris  approach  to  folia, 
thns.forming  the  transition  from  the  striated  to  the 
foliated  fracture.  Very  broad-striated  are — ^Grey 
Antimonial-Ore  from  StoUberg  in  the  Harz,  Sap** 
pare.  Zeolite,  and  others. 

According  to  the  direction  of  the  striae,  fossils  are 
straight  or  curved-strisited.  Straight-striated  are. 
Grey  Ore  of  Manganese,  Grey-Antimonial-Ore  i 
cnrved-striated,  Sappare,  Zeolite,  and  Actynolite. 

The  position  of  the  stris  is  either  parallel,  dvoerg" 
ing,  or  promiscuotuf.  As  these  varieties  of  position 
have  been  already  explained  in  treating  of  the 
fibrous  fracture,  I  refer  my  readers  thither,  addu« 
cing  here  only  a  few  examples.  ParaUd-striated 
are,  Asbestus  and  Hornblende.  /Jn^^r^iVy-striated 
is  distinguished  into  stelliform  and  scopfform;  of 
the  former  w6  have  Grey-Antimonial-Ore,  from 
Schemnitz  in  Hungary,  Striata  Red-Cobalt-Ore, 
Martial-Pyrites,  and  Zeolite;  of  the  latter,  scopi- 
form-striated  White-Cobalt-Ore,  (from  Redens 
Gluck  near  Andreasberg  in  the  Harz,)  Grey-An* 
timonial  Ore,  Actypolite,  and  Limestone,  Promts^ 
cuouS'Striated  occurs  sometimes  in  Grey-Antimo- 
nial-Ore,  and  Actynolite* 

With  respect  to  the  length  of  the  stris,  fossils 
are  either  long  or  short  striated.  Long  striated  are 
—Asbestus  and  Grey-Antimonial-Ore;  short-stri^ 
Ited,  Actynolite* 


f  195, 
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Those  solid  fossils  are  said  to  possess  ^  foliated 

fracture  tvbicb  are  entirely  composed  of  folia,  or  of 

naturally  distinct  parts  resembling  planes,  the  length 

and  breadth  of  vhich  is  nearly  equal,  and  which 

are,  in  a  manner,  laid  one  upon  another.    Most 

foliated  fossils  are  particularly  distinguished  by  a 

specular  lustre  reflected   from   the    folia  or   parts 

resembling  planes,  and   which  are  commonly  the 

more  specular,  the  more  evenly  and  smoothly  the 

folia  separate  in  breaking.      That  foliated  fossils^ 

particularly  those  which  are  perfectly  foliated,  are 

produced  from  the  most  intimate  solution,  and  with 

the  greatest  degree  of  rest,  appears  evident,  in  as 

much  as  most  crj'stallizations   are  foliated.      The 

foliated   fracture    occurs  rather  frequently  in  so« 

lid  fossils.      It  is  further  distinguished  according 

to   the  magnitude^  the  perfectness^  the  direction^ 

and  the  passage  of  the  folia. 

The  magnitude  of  the  folia  is  very  different  and 
generally  determined  by  that  of  the  distinct  con- 
cretions, the  folia  being  in  proportion  to  the  extent 
of  the  granular  distinct  concretions.  Hence  a  fossil 
is  said  to  possess  a  large^  scafy,  or  granvlarhf^ 
foliated  fracture.  Large-foliated  are  fossils  whose 
folia  extend  through  the  whole  fossil,  as  in  Micaji 
Specular  Gypsum,  and  every  kind  of  foliated  crys- 
talli3atioD.    S^aly-foliat^d  is  <i  fossil  which  consists 

of 
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of  OMtay  niiall  folia,  wbicb  do  not  continue  throngh 
the  whole  specimen,  but  are  irregularly  disposed 
above  smd  beside,  and  generally  partially  coveriog, 
each  other,  somewhat  in  the  manner  of  the  scales 
of  fishes*  These  folia  or  scales  occur  generally 
of  an  indeterminate,  some^times  also  of  a  roundiA 
shape,  most  usually  a  little  curved,  and  are  Irarely 
found  so  large  as  the  common  scales  of  carp,  but , 
oftentimes  so  small  as  to  be  scarcely  perceptible. 
Sealy-foliated  is  further  distinguished  into,  coarse, 
small,  and  ^n^-scaly.  It  must  not  be  confounded 
with  the  scaly  external  surface.  We  have  scaly^ 
foliated  Galena,  Micaceous-lron-0're^  Mica,  and 
Gypsum.  A  fossil  is  gramdarly-foliated  which  en« 
thely  consists  of  small  folia,  assembled  in  many 
small'  distinct  concretions,  in  each  of  which  the 
folia  which  constitute  it  cover  each  other,  and 
extend  through  it.  These  distinct  concretions  are 
so  perfectly  connected  with  each  other  as  not  to 
be  distinguishable,  were  not  their  respective  folia 
diflerently  disposed  in  relation  to  each  other.  They 
are  most  commonly  of  a  round  ot-  cubical  form, 
and  occur  frodi  the  size  of  a  small  hasle  nut  19 
that  of  a  vetch.  Granularly-foliated  is  further  dis* 
tingttisfaed  into  gross,  coarse,  small  and  ^nr-granu« 
br.*  We  have  granularly-foliated  Galena,  Spar* 
ly-Iron-Ore,  Micaceous-Iron-Ore,  Blende,  Galea* 
leous-Spar,  and  many  others. 

Tbd 

*  See  ia  the  leqndl    granular  diftiact  concretioiiSi  §•  %oif  ia 
wUch  thar  nagaitnde  ii  detenBiBcd. 


168  E^ippliMtim  of  tie 

The  p^fici9iess.c£  the  fblU  is  often  a  cliaficleritr 
tic  mark  in  foliated  fcisuk,  whii^  wre  aocordiogly 
perfectfyf  tmperfecihf^  or  conceaUd-ioXMeii^  JPerr 
fectfy/oliaUd  are  those  whose  folia  separate  smooths 
ly  and  are  specular;  as  Calcareous-Spar,  Yellow 
Blende,  and  Fekpar,  Imperfecihf-foliated  are  those 
whose  folia  separate  somewhat  unevenly,  and  are 
Jess  smooth  and  shining;  such  are  Beryll,  Topaa^ 
^nd  Aquamarioe.  Cancealcd'/olialed  are  those  in 
which  the  foliated  fracture  appears  distinct  but  in 
a  few  placet  only,  as  in  the  Emerald. 

The  diriictiant  of  the  folia,  which  only  relates 
to  the  large  A>liated,  is  oither  str^Ltght  or  curved^ 
Siraight-Zoliaied  are  most  Wolfram,  large  foliated 
Blende^  Calcareous-Spar,  most  Specular  Gypsum, 
and  all  kinds  of  foliated  crystallizations.  Curved^ 
foliated  is-— either  sphericalh/^curvedf  the  folia  being  ] 
bent  in  such  a  manner  as  to  jresemble  whole  glo-i 
bular  surfaces  or  their  sections  only;  as  in  sphe^ 
ricallyrcurved  foliated  Calcareous»Spar,  Siderocd-i 
cite,  and  Baroselenite ;  or  undularly'^urvcdy  the 
folia  being  generally  bept  only  toward  one  side  in 
several,  nearly  equal,  elongated  curves  resembling 
waves,  and  lost,  as  it  were,  one  in  another,  as  in 
most  Talc,  and  Mplybd^eqa  from  Altenberg  in 
Saxony;  or  pet0loid^lhf^  the  folia  presenting  on 
the  internal  surf^e  a  dull  delineiltiop  somewhat 
resembling  a  cabbage-leaf,  as  in  Galena,  which  haa 
fhep  the  particular  property  of  containing  a  little 
8i)?er;   o^  indekrr^UMtely^uroidp  the  foli^  being 
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cwed  in  ap  indeteiminate  mapner,  as  in  Specular- 
Iron-Ore,  Micaoeons-Iron-Ore,  Mica,  and  Specular 
Gypsum* 

The  passage^  or  cleavage,  of  the  folia  is  a  most 
remarkable  property  of  foliated  fossils,   the  cause 
of  which  scarcely  admits  of  a  satidactory  expla- 
nation.   It  is  the  foundation  of  all  regular  firag- 
Bttnts,  and  by  it  is  understood  the  capability  which 
foliated  fossils  possess  of  splitting  in  certain  difierent 
dkections.    In  such  fossils,    therefore,    a  manifold 
foliated  fracture  occurs,  the  folia  intersecting  each 
ether  under  diflerent  angles,  and  each  particle  of 
mch  fossils  appertaining  at  the  same  time  to  one 
and  several  folia«    The  passage  of  the  folia  may 
be  easily  observed  in  si^ch  foliated  fossils  as  are 
transparent,  and  in  the  fragments  of  most  foliated 
fossils.    It/ is  distinguished,  1.  according  to  the  an- 
gle which  one  passage  forms  with  another,  which 
is  either  rectangular  (the  most  usual  case,)  or  o(- 
lifue^anguiar :   2.  According  to  iSbi^  number  of  the 
passages,  of  which  we  have  the  following  kinds: 
▼i«.    ' 

1.  A  s^le  passage  of  the  folia.  This  takes  place 
when  the  folia,  which  constitute  the  fossil,  are  laid 
one  upon  another  according  to -one  dfarection '  only 
(in  the  manner  of  the  leaves  of  a  book,)  and  in 
which  direction  alone  the  fossil  can  be  split.  Hence 
such  a  'fossil  possesses  only  two  opposite  sides  which 
are  foliated  and  specular  ^  such  are  Mioa,  and 
Talc. 

S.  AdotMe 
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2.  A  double  postage  occon  wiira  %  fossil  isfoliatad 
io  two  difieroDt  directions ;  in  both  of  which  .it  may 
be  split.  The  folia  intersect  each  other  neaiiy  im« 
der  a  right  angle,  thus  forming  four  planes  which 
are  specular^  as  in  Felspar,  and  Hornblende. 

3.  A  triple  passage — ^when  a  fossil  sfdits  in  three 
diflererit  directions,  forming  six  speeular  planes,  as 
in  Calcareous-Spar,  Sidero^^alcite,  and  Sparry  Jroa- 
Ore. 

4.  A  quadruple  passage^  when  a  fossil  is  foliated 
in  four  diflecent  directions,  as  Floorspar.. 

$.  A  sextuple-passage^  when  the  folia  of  a  fossil 
intersect  each  other  in  six  diflferent  directions,  as  in 
YeUow,  Brown,  and  Black  Blende. 

f  196. 

S^ty  is  that  kind  of  jmnted  fracture  which  con* 
stitutes,  in  a  manner,  the  mean  between  or  the 
transition  from  the  compact  into  the  filiated.  If  it 
occurred  less  frequently  in  the  great,  and  were  not 
confined  merely  to  opake  and  glimmering  fossils,  it 
might  almost  be  called  imperfectly-foliated.  It 
fbrms  the  transition  into  perfectly  compact.  Argil* 
lite  shews  the  slaty  fracture  very  distinctly  through 
all  its  gradations  to  the  perfectly  compact.  The 
slaty  fracture  is  further  particularly  distinguish^ 
from  the  foliated  by  the  distinct  parts  possessing  a 
more  considerable,  but  unequal,  thickness,  by  their 
not  separating  so  smoothly  and  evenly,  and  by  their 
not  refiectmg  so  strong  a  lustre.    Besides,  slaty  fos* 

sils 
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sils  never  split  in  more  than  one  direction.  We 
have  here  only  to  consider  the  thickness  of  the  la- 
mellae as  being  thick  or  Mtn-daty  ;  and  the  direction 
of  die  lamells  as  being  straight  or  curved,  and  this 
again  undularfy^  or  indeterminately  curveds 

§.  197. 

It  is  remarkable,  that  in  soo^e  fossils,  possessing 
distinct  parts,  two  kinds  of  fracture,  or  of  distinct 
parts,  occur  together.  Thus  we  have  Fibrous  Gyp« 
sum,  which  is  at  the  same  time  both  fibrous  and  fo« 
liated;  and  even  Red  and.  Brown  Hcematites,  and 
also  Stalactite^  in  which  the  same  case  occurs.  The. 
fibres  are  then  intersected  by  the  folia  under  a  cer« 
tain  angle.  In  such  fossils  all  their  integrant  par* 
tides  appertain  at  the  same  time  both  to  fibres  and 
folia,  the  latter  intersecting  the  fibres  at  right 
angles* 

Before  we  take  our  leave  of  this  character,  it  ve* 
mains  to  be  observed,  that  they  labour  under  an 
error  who  conceive  that  all  fossils  possess  in  a  dis- 
tinct manner  one  or  the  other  kind  of  fractures 
described  above.  So  far  froni  this  bong  the  case^ 
fossils  sonaetimes  occur  which  possess  two  kinds  of 
fracture,  either  one  in  the  other,  or  one  beside  the 
other :  thus  some  Specular  Gypsum  has  a  conjointly 
foliated  and  fibrous  fracture;  and  of  T<qpaz,  the 
transverse  fracture  is  foliated,  and  the  longitudinal^ 
conchoidaL  Such  exceptions  onght  necessarily  to 
be  noticed  among  the  characters  of  fosiils. 

S.  The 
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3.  The  form  of  the  fragments. 

§.  198. 

>  The  form  of  the  fragments  is  ihe  sixth  particular 
generic  character  of  solid^  fossils,  and  the  third  of 
those  which  constitute  the  appearance  of  t^ie  frac« 
ture.  By  the  form  of  the  fragments  we  understand 
the  figure  of  the  surface  of  those  pieces  into  which 
a  fossil  separates  in  breaking.  They  are  distin- 
guished into  regular  and  ^irregular.  That  the  for- 
merxan  arise  only  in  fossib  whose  fracture  is  foliated^ 
and  in  such  as,  generally  speaking,  possess  a  mani- 
fold passage  of  the  folia,  is  sufficiently  obvious. 
The  regular  are : 

1.  Cubical  fragments  J  which  result  from  a  triple 
rectangular  passage  of  the  folia.  Galena  and  Rock« 
salt  break  into  cubical  fragments. 

2.  Shamboidalf  which  arise  from  a  triple  oblique- 
angular  passage  of  the  folia.  They  sometimes  how- 
erer  proceed  also  from  a  twofold,  and  even  from  a 
single  passage,  of  the  folia.  Hence  rhomboidal 
fragments  are  specular  on  aU,  on  four^  or  only  on 
two  planes.  Rhomboidal  fragments,  whose  planes 
are  all  specular,  result  from  a  perfect  triple  passage 
of  the  folia,  as  in,  Baroselenite,  Calcareous-Spar^ 
and  Sparry4ron«Ore.  Those  of  which  only  four 
planes  are  specular  proceed  from  a  two-fold  passage 
of  the  folia,  as  in  Felspar,  and  Hornblende.  And 
those,  of  which  only  tTifo  planes  are  specular,  arise 
from  a  single  perfect  passage  of  the  folia^  as  in  Spe- 
cular 


9  • 
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ctihur  Gypgum.    Rhomboidal  fragments  occur  rather 
fineqaently  among  solid  fbssils. 

3.  Trapezoidal,  and 

4*  Ttihedral  pyrarmdal/ragmenhf  which  always 
occur  together,  originate  in  a  quadruple  passage  of 
die  folia.  Trihedral  pyramidal  fragments,  with 
deeply  truncated  angles,  occur  still  more  frequently, 
approebhing  to  the  form  of  the  .ootahedroiu  They 
are  scarcely  to  be  obserred  distinctly, in  aiiyfossU 
beside  Fluor^Spar. 

5.  Dodecahedral  fragments  prooeed  from  a  sei^ 
lople,  obtuse,  and  nearly  equi*angular,  passage  of 
the  folia.  The  dodecilhedra,  which  thus  arise,  con- 
sist of  twelye  rhomboidal  planes.  They  occur  in 
filende. 

It  frequently  happens  that  several  of  the  fore* 
going  kinds  of  fragments  cohere  together,  so  diat 
we  should  not  be  deeeired  if  4Mdr  peculiar  forms 
be  not  immediately  obvious. 

The  irregular  fragments,  which  are  mnch  more 
frequent  than  the  regular,  are^- 

1.  Cunetform,  being  elongated  pieces  thick,  at 
one  end  and  pointed  at  the  other,  of  a  conical  or 
pyramidal  shape,  and  appertain'  to  all  fossils  pos* 
sening  a  divei^ing-fibrous  fracture,  as  Red  Hse- 
matites,  Wood«Tia-Ore,  Malachite,  &c« 

2.  Sjnadar,  which  are  long  and  slender  pieces, 
of  a  nearly  equal  breadth  and  thickness,  but  of  a 
disproportionate  length,  as  in  parallel  Fibrous  Red 
Hiematies,  most  Amianthus,   and  Asbestus,  and  a 

particular 
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particular  kind  of  black  ArgUlite,  wfaicli  oecuw 
between  Grefenthal  and  Wallendorf  in  the  fomt 
of  Thuringia. 

3.  TahtUxTf  possessing  an  eqtmliengtb,  and  breadtb^ 
but  a  less  thickness,  and  generally  terminating  at 
the" extremities,  in  an  edge.  Mica,  Talc,  and  Itoof* 
ing-Slate  break  into  tabular  fragments. 

4.  Indeterminate.  These  are  the  most  usual  among 
•olid  fossils,  and  are  distinguished,  according  to 
the  degree  of  sharpness  which  the  edges  of  the 
fragments  possess,  into  very  sharp-edged,  as  Ob* 
oidian,  'Common  Opal,  and  Rock-crystal ;  sharps 
edgedj  as  HonKstone,  and  Quartz ;  moderate^ 
^htrp^edgedj  as  Lime-itone,  and  Copper-Pyrites ; 
rather  blunt-edged,  as  Steatites  ;  and  blunt-edged, 
«s  Chalk,  and  FuHerVEardi. 

Moreover,  5re  should  be  cautious  bow  we  con- 
fennd  the  extemsl  fbrm  of  a  solid  fossil  with  the 
figure  'of  its  fragments,  which  many  Mineralogists 
intve  done,  'particularly  in  regard  to  Calcareous- 
Spar.  With  respeet  to  the  cause  of  the  different 
forms  of  the  fragments,  I  conceive  that  theyori- 
nate  in  the  figure  of  the  smallest  aggregated  parts  $ 
which  it  may  be  supposed  possess  in  every  kind  the 
same  form  that  the  fragments  exhibit  in  the  greater. 
This  may  be  almost  maintained  with  certainty  of 
the  cubtcal,  rhotnboidal,  and  pyramidal,  fragments.* 

The 

♦  This  subject  has  been  set  in  the  clearest  light  by  Abb£  Hauy. 
Vid.  Tnite  dc  hUAenXoffc^  Vol.  t.  p.  19.  «t  8eq.Th^oric  de  U  Sonc* 
tare  do  Cristaux.    Ta. 
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The  ^ppeMranoe  of  the  distinct  coflc«BtioiMu 

§.  199. 

In  obfienring  fogsib  with  an  attentive  eye^   we 
SftA  that  several  are  entirely  composed  ef  distinct 
concretions ;  that  is,  they  are  already  divided  into 
brge  or  smaller  distnct  pieces  by  natoral  interstices 
•or  joints.    These  distinet  concretions  are  in  general 
bat   slightly  cobermt  with  each  other,  the  joints 
which  separate  them  are  more  or  less  clearly  per- 
ceptible ;   and  the  fossils  which  are  composed  of 
distinct  concretions  generally  divide^  in  bfeaking, 
in  the  direction  of  these  joints.    Distinct  concretions 
must  not  be  confounded  with  crystallizations,  frag- 
.ments,  nor  with  the  distinct  parts  of  the,  fracture, 
from  which  latter  tbey  are  particularly  distinguished 
by.  their  possessing  a  proportionate  and  determinable 
extent  in  length,  breadth,  and  thickness. 

The  manner  in  which  distinct  concretions  may 
have  been  produced  appears  to  be  two-fold.  Either 
from  an  intimate  solution  of  the  fossil  and  consequent 
tendency  to  crystallization,  but  interrupted  in  its  pro- 
gress by  the  particles  being  disturbed,  or  too  closely 
crowded  together,  forming  separate  concretions 
connected  in  one  mass  (which  wwild  seem  to  apply 
to  those  fossils  whidi  consist  of  distinct  concretions, 
and  possess  a  MiroDs,  striated,  or  foliated  fracture ;) 
or  from  a  less  intimate  solution,  or  from  a  diffusion 
of  the  fossil  in  a  fluid,  in  which  the  concretions 

arose 
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arose  from  a  mere  mechftnical  appontion  cf  tbe 
parte  and  from  sacceashre  <lepo8itioD8,  harii^  pos- 
sessed ho  tendency  to  crystallize. 

Many  fossils  nerer  occur  with  distinct  concretions, 
I  as  Chalk,  Opal,  Chrysopradam,  Ice. ;  others;  on 
tbe  contrary,  scarcely  ever  otherwise,  as  Caleiia, 
Zeolite,  and  'several  others. 

The  appearance  of  the  distbct  concretions  com- 
prises also  three  particular  generic  characters,  as 
the  form  of  the  distinct,  concretidns,  die  suiface  tf 
separaiian,  and  the  lustre  of  separatum^ 

1.  The  form  of  the  distinct  concretions. 

-§.  200. 

Is  the  seventh  particular  generic  character  of  solid 
fossils,  and  the  first  of  those  which  constitute  the 
appearance  of  the  distinct  concretions.  According 
.  to  the  different  proportion  of  the  single  surfaces 
which  compose  the  complete  surface  of  the  distinct 
concretions,  the  form  is  distinguished  into  granular , 
lamellar  J  columnar^  and  pyramidal. 

GranuUr  dzstis^t  -  concretions  are  those  whose 
three  dimensions  are  nearly  equal.  They  are  dis- 
tinguished!, with  respect  to  the  form^  into— 

1.  RmAndngramdar ;  y9\nt\k  are,  ^lihet  sphericalhf^ 
granular y  as  in  Roestone  and  Pisolite  \  lenticular^ 

granular^ 


Exterrui  Characters  tf  FossUs^  177 

gramdar,  ai  in  Acinose  Argilkeeous-Iron^Stone 
from.Bohemift;  or  eiangated^rotmd-granulary  as  in 
Qaartz. 

2.  Ajigularhf'gramdat i  which  are  either-  com* 
inen-^mgulmiy^grantdary  (the  most  U5iial9)  as  in 
Galena,  Calcareous-Spar,  and  Siderocalcite;  or 
el^ngaUd-angidarfy-grdnidar,  (which  are  more 
rare,)  as  in  Hornblende,  and  Granular  Limestone* 

In  relation  to  the  magnitude  into— 
1 .  Gross^rantdar,  which  appertain  to  those  fost 
sib  whose  distinct  concretions  exceed  the  aiae  of 
an  baale  nut.    Such  are  Zeolite,  Galena,  Blende^ 
and  ISderooalcite. 

51.  Coarse^grmmlar — Distinct  concretioos  raryiog 
Irom  the  size  of  an  ba2le  nut  to  that  of  a  hkigo 
pea,  as  in  Mica,  Galena,  Blende,  and  Pisolite. 

3.  Smatl-granular^  ywtying  from  the  siz6  of  a 
pea  to  that  of  a.  grain  of  millet,  as  in  Black  Blende^ 
Roestone,  Garnet,  and  ArgiUaceous*Iron-Stone. 

4.  Fine-granular f  varying  from  the  tize  of  a 
grain  of  miillet  to  one  still  perceptible  by  the  naked 
eye.  Fine-granular  distinct  coocretioos  occu^  ia 
SparryrlnMEhOre,  Granular-limestone,  and  Galetia. 

When  the  granular  distinct  concretions  become 
very  minute,  they  approach  to  the  compact  frac- 
ture. 

J.  i?02. 

LameUar  distinct  concretions  consist  of  plates  or  y? 

lamelliB  laid  one  upon  another,  adhering  more  or 

N  less 
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less  strongly  to  esch  otlier.     They  are  distingaished, 
with  respect  to  their  direction  or  form,  into, 

1 .  Straight  lamellar ;  which  are  quite-straight ^  as 
in  some  Galena  and  Baroselenite ;  ox  fortification' 
like4amellarj  as  in  some  Amethyst,  W«lfram,  and 
Calcedony.  »     ,*  • 

2..  Curved^laniellar ;  which  are  either  indetermi* 
7iate  curved  laniellar,  as  in^  Galena,  and  Specular^ 
Iron-Ore;  renifarvi  curved  lamellar,  which  occur 
very  distinct  in  Hoematites,  Fibrous  Malachite,  .and 
Native^ Arsenic ;  or  concentric  curved  lamellar,  which 
are  either  sp/iericaUy  concentric  curved  lamellar,  as 
in  Calcedony,  Pisolite,  and  Nodular  Argillaceous* 
Iron-Stone ;  or  conicaUy  and  cylindrically  concentric 
curved  lamellar,  as  in  some  Stalactite,  and  Hoema- 
tites.- 
With  regard  to  their  ihicknesSy  ihto, 
1 .  Veiy  thick  lamellar y  when  the  distinct  concie- 
tions  exceed  half  an  inch  in  thickness  as  in  Ame- 
thyst, and  Baroselenite. 
2.  Thick  lamellar y  when  the  thickness  of  the  con« 
eretions  varies  between  half  and  a  quarter  of  an 
inch,  as  in  Baroselenite,  aiid  Native-Arsenic. 

3.  Thin  lamellar^  varying  between  a  quarter  of 
an  inch  and  a  line,  as  in   Calcedony. 

4.  Ve^y  thin  lamellar ,  varying  between  a  line  and 
a  thickness  perceptible  by  the  naked  eye,  as  in 
Specular-  Iron-Ore. 

When  the  lamellar  distinct  concretions  become 
iiulte  thin,  they  pass  into  the  foliated  firacturc. 

$,  203. 
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J.  203. 

Columnar  distinct  concretions  occur  ii^  those 
fossils  which  consist  of  columns  apposed  to  columns, 
and  this  whether  in  the  great  or  the  small.  These 
distinct  concretions  are  distinguished. 

1.  In  relation  to  their  direction,  into  straight^ 
columnar,  as  those  of  Shorl,  Calcareous-Spar,  and 
Arsenical-Pyrites ;  and  curved^columnar,  as  in  Co- 
lumnar '  Argillaceous-Ironstbne,  and  Specular.*Iron«i 
Ore.  •     ' 

2.  With  respect  to  their  thickness,  in  which  particu« 
lar  they  differ  much,  varying  from  the  thickness  of  a 
thread  to  that  of  several  feet.  Fery  thick  columnar 
are  all  those  whose  diameter  exceeds  two  inches, 
as  the  columnar  distinct'  concretions  of  Basalt, 
Quartz,  and  Clinkstone  ;,  thick  columnar,  whose 
diameter  varies  in  thickness  between  two  inches 
and  a  quarter  of  an  inch,  as  in  Amethyst,  and  Cal- 
careous-Spar ;  thin  columnar,  are  those  which  vary 
between  a  quarter  of  an  inch  and  a  line  in  thick- 
liess,  as  in  Columnar  Argillaceous-Ironstone,  Fluor- 
spar, and  Arsenical-Pyrites;  very  thin  columnar, 
whose  thickness  is  less  than  a  line,  which  occur, 
rather  rarely  however,  in  Shorl,  and  Columnar  Ar- 
gillaceous-Ironstone; 

3.  With  regard  to  their /<?rm — into  pejfectfy  co^ 
himnar,  being  of  an  equal  thickness  throughout, 
as  in  Columnar  Argillaceous-Ironstone ;  imperfectlj/ 
columnar,  being  short  and  unequally  thick,  as  in 

N  2  Amethyst, 
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Amethyst,  and  Specular-Iron-Ore ;  or  cuneiform 
columnar,  being  slender  or  pointed  toward  one  ex- 
tremity ^  as  as  in  Calcareous*8par,  Arsenical-Pyritesy 
and  Hdematites. 

4.  With  respect  to  the  position  of  the  colomiiBy 
as  being  either  parallel  columnar^  as  Shorlite,  and 
the  generaKtj  of  columnar  distinct  concretions ; 
or  diverging  or  promiscuous  columnar,  as  Shorl, 
and  Arsenical  Pyrites. 

When  the  columnar  distinct  coDcretioni  becomci 
extremely  slight,  they  form  the  transition  to  thm 
fibrous  fracture. 

§.  204. 

Pyramidal  distinct  concretions  are  very  uncom- 
mon, and  have  hitherto  only  occurred  in  Basalt 
in  Icelai\d,  Ferro,  and  Bohemia,  being  sometimes 
trihedral  sometimes  tetrahederal,  but  rarely  penta- 
hedral, and  more  or  less  regular.  The  Basalt 
disjoins  sometimes  into  simple,  sometimes  into 
double,  trihedral  pyramids,  the  summits  of  which 
latter  are  most  commonly  very  acute-angular. 

§.  205. 

Granular,  lamellar,  and.  columnar,  distinct  con** 
cretitins  pass  frequently  one  into  the  other.  These 
transitions  are  particularly  distinct  in  Specnkr* 
Iron-Ore,  in  which  all  thrfte  kinds  of  distinct  cod« 
cretions  occur.    The  transition  from  granular  inta 

lamellar 


/ 
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hoiellar  appears  also  very  distinct  in  Galena.  6ome« 
times  even  in  one  and  the  same  fossil,  two  kinds  of 
distinct  concretions  occur  together,  and  in  such  a 
manner  that  one  intersects  or  includes^  the  other. 
The  former  case  appears  in  Amethyst,  in  which  the 
columnar  distinct  concretions  are  intersected  by  the 
lamellar ;  also  in  Red  Hqematites,  JSlrialsd  Martial* 
Pyrites,  and  Wood-Tin-Ore:  the  latter,  in  Sborl, 
in  which  the  large  columnar  distinct  concretions 
are  composed  of  innumerable  smaller  ones.  Nay, 
in  some  Basalts^  immense  lamellar  distinct  concre*. 
tions  are  composed  of  those  parallel  columnar  dis- 
tinct concretions  with  which  we  are  acquainted  un- 
der the  name  of  Basaltic  Pillars. 

2.  The  surface  of  sepc^ratmi. 

{•  206. 

Is  the  eighth  particular  generic  character  of  solid 
fbssils,  and  the  second  of  those  which  constitute 
the  appearance  of  the  distinct  concretions.  By  thfs 
surface  of  separation  is  understood  that  surface 
which  separates  the  distinct  concretions  from  each 
other,  and  which  is  particularly  observable  whea 
fossils,  possessing  distinct  concretions,  divide  in 
breaking  in  the  direction  of  that  surface.  It  is  a 
character  particularly  discriminative  of  some  ^os- 
sik,  but  which  does  not  possess  so  many  varieties 
^s  the  external  surface.    The  surface  of  separation 

|s  either  smootht  as  in  the  granular  distinct  concre«* 

tions 
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tions  of  Wood-Tin-Ore,  in'  the  lamellar  distinct 
coneretions  of  Haematites ;  rottghy  as  in  the  granur 
lar  distinct  concretions  of  Basalt,  in  t&e  lamellar 
distinct  'concretions  of  Native-Arseaic,  and  in  the 
distinct  concretions  of  Gohimnar  Argillaceous- 
Iron  Stone  ;  uneven^  as  in  the  distinct  concretions 
of  Galena,  Blende,  and  Siderocalcite ;  or  streaked^ 
and  this  either  longitudinally ^  as  in  the  columnar 
distinct  concretions  of  ShorJ,  and  Shorlite,  or  trans^ 
versely  and  fortification-like ^  as  in  the  columnar 
distinct  concretions  of  Amethyst,  and  Specular- Iron* 
Ore. 

3.  The  lustre  of  ^eparatioxt. 
§.  207. 

Is  the  ninth  particular  generic  character  of  solii} 
fossils  and  the  last  of  those  which  constitute  the^ap- 
pearance  of  the  ()istiact  concretions.  By  the  histfce 
of  separation  is  understood  th^  lustre  pf  that  surface 
Tvhich  separates  the  distinct  concrestions  from  each 
other.  It  must  nqt  be  confoqnded  with  the  lustre 
of  the  fracture  or  internal  lustre,  from  which  it  is 
very  different.  Thus  for  example,  the  internal 
lustre  of  Red  Haematites  js  weakly  shining,  and  the 
lustre  pf  separation  resplendent. 

The  lustre  of  separation  is  determined  by  the 
^  9ame  degrees,  and  in  the  same  manner,  as  (he  ex- 
ternal lustre. 


TH? 
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THE  GENERAL   APPEARANCE. 
§.  208. 

The  general  appearance,  so  called  since  it  applies 
equally  to  the  exterior  and  interior  of  solid  fossils^ 
also  comprehends  three  particular  generic  charac«- 
tcrs,  the  transparency,  the  streak,  and  the  stain. 

1.  The  transparena/. 

x 

§.  209. 

The  transparency  is    the  tenth  particular  "^ene* 
ric    character    observable    in   solid  fossils   by    the 
.  sight ;  and  by  it  is  understood  their  different  rela- 
tion with  respect  to  the  traosmission  or  passage  of 
the  rays  of  light. 

The  more  or  less  free  passage  of  the  rays  of 
light  in  any  one  fossil  proceeds  from  the  arrangement 
of  its  molecules  in  the  aggregation  ;  so  that  a  fossiJL 
is  transparent  when  its  molecules  affs  arranged  \xx 
fiuch  a  manner  that  their  interstices  succeed  each 
other  in  perfectly  straight  directions,  and  thus  afford 
a  free  passage  to  the  rays  of  light ;  and  on  th^ 
contrary  a  fossil  is  opake  when  the  interstices  lie 
confusedly  one  among  another. 

Three  things  are  requistc  that  the  molecules  of  , 
9,  fossil   may  attain    that   kind  of  position    which 
ivill  r^der  it  transparent:  1st.  that  the  molecules 
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be  pf  a  nature  capable  of  assuming  such  a  po*t 
ation :  2nd.  that  in  the  formation  of  such  a  fossil 
its  molecules  be  previously  in  a  fluid  state,  t.  e.  inti- 
mately dissolved,  in  order  to  adjust  themselves  in 
the  position  suitable  to  tbpir  peculiar  power  of  at* 
traction :  3rd.  that  the  intimate  solution,  from  which 
such  a  fossil  is  to  be  produced,  be  at  perfect  rest* 
For  if  the  nature  of  the  molecules  of  a  fossil  be  such 
as  to  render  them  incapable  of  assuming  such  % 
position,  the  fossil  will  be  always  found  opake,  as 
for  example,  mo§t  ores,  particularly  those  which 
possess  a  metallic  lustre.  If,  on  the  other  hand', 
the  molecules  tend  to  arrange  themselves  in  such  a 
position,  but  are  not  sufficiently  dissolved ;  the 
fossil  in  its  formation  will  acquire  the  less  degree 
of  transparency  in  proportion  to  the  less  intimate 
solution  of  the  molecules.  Lastly,  if  such  a  solution 
enjoy  not  a  sufficient  degree  of  rest  in  the  formation 
of  the  fossil,  the  molecules  will  be  prevented  from 
associating  together  according  to  their  peculiar 
power  of  attraction,  suitably  to  which  they  woul4 
Otherwise  arrange  themselves. 

That  perfect  transparency  is  only  to.  be  sought 
in  fossils  produced  from  an  intimate  and  undisturbed 
solution  is  evident :  in  as  much  as  it  occurs  almost 
solely  in  crystallizations,  which  were  always  formed 
from  the  most  intimate  solution,  and  with  the  great- 
est degree  of  rest,  and  which  are  the  more  regular 
and  transparent  the  more  intimate  and  undisturbed 
the  solution  was  from  i^hi^h  ^hey  proceeded. 
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it  iMtppms  sometimes  also  that  one  part  of  a  fossil 
ia  more  transparent  than  another,  as  e.  g.  in  Quartz 
crystals,  which  are  fiequently  transparent  at  the 
point,  but  only  translucent  at  the  part  of  adherence. 
In  these  the  particles  which  were  not  perfectly  dis* 
solved  have  assembled  below :  the  attractive  power 
of  the  surface,  to  which  the  |C|rystaIs  adhere,  having 
operated  more  strongly  on  these  particles  by  reason 
ft  their  weaker  cohesion  with  the  menstruum ;  and 
this  in  an  order  corresponding  with  the  less  perfect 
solution,  the  less  perfectly  dissolved  particles  being 
liie  lowest,  and  hence  also  the  lowest  part  of  the 
crystal  the  least  transparent.* 

There  are  diffiereot  degrees  of  transparency,  and 
for  its  determination  I  have  adopted  the  five  follow- 
ing distinctions:  Iramparrn/,  semi-trafisparent^  transr 
btcenty  transhtcent  at  the  edges^  and  opake^ 

When  objects  nay  be  distinctly  discerned  through 
»  large  or  a  small  piece  of  a  fossil,  it  is  said  to 
be  transparent.  This  is  the  highest  degree  of  trans* 
parency,  and,  as  already  observed,  is  generally  found 
in  crystaliiKations  only,  and  chiefly  in  those  of 
Stones.    Transparent  i^  distinguished  into  common 

and 

*  WaUerintaetmi  to  attribiite  tlie  tniaUer  dcfree  of  tfaotpareacy* 
that  tomedmef  ocean  at  the  base  of  RockrcrptaU,  to  an  eaithf 
tabttaace  auactid  in  the  attenaated  tolatkni  firom  which  the  txj^ 
ph  aroie,  b«t  aeCtlcd  at  the  hotton  of  the  cfyiralKgation  by  reaao^ 
fff In  greater  wtight;    V.  Syttema  Mineralogicuini  p.  ax8.  p^wcrv.  L 
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and  douMing.  Cqimnon,  when  objects  appear  sin* 
gle  through  a  transparent  fossil :  doublings  whea 
they  appear  double ;  this,  however,  occurs  in  one 
fossil  only,  transparent  Calcareous-Spar,t  which  is 
also   called    double    refracting    Spar4      We  have 

transparent*- 

f  According  to  more  recent  ob«erv:ation  there  are  several  other 
fossils  which  possess  a  double  refractiBg  power,  as  Jargon,  Chrj- 
•olite,  Natural^ulphur,  White- Lead-Ore,  ^cc.  Vid.  Hauj's  Traite 
4e  Mincralogie,  Tom.  I.  p.  271,  8c  %J2.    Ta. 

t  The  doubling  of  objects  by  transparent  Calcareous-Spar  is  no- 
thing more  than  the  division  of  each  incident  ray  of  light  into  two 
others,  each  of  which  undergoes  a  different  refraction9  atiting  pro- 
bably from  the  form  of  the  smalleft  aggregated  parts  of  the  stone. 
The  experiment  is  most  conveniently  made  with  a  point  marked 
vpon  paper.    By  placing  the  stone  vpon  tkis  point  it  appears  double ; 
the  two  points  always  preserving  a  dire^rtion  parallel  to  that  dia- 
gonal of  the  stone  which  passes  through  its  two  greatest  solid  angles. 
These  arc  situated  in  an  opposite  oblique  direetion,  the  one  at  the 
superior,  and  the  other  at  the  inferior,  surface  of  (he  rhomboidul 
stone :  and  the  two  points  are  placed  in  such  a  manner  that  the 
real  one  is  always  situated  toward  tlie  inferior  angle,  and  the  fie* 
titious  one  toward  the  superior. angl^    If  the  position  of  the  dia* 
gonal  be  changed  by  turning  round  the  stone,  the  direction  of  the 
two  poinu  will  be  also  equally  changed,  but  still  preserving  the 
same  position  in-  relation  to  the  diagonal    The  distance  between 
these  two  points  is  always  in  proportion  to  the  thickness  of  the 
stone  through  which  they  are  perceived ;  being  scareely  discernible 
through  a  thin  piece  t>f  the  stone.    The  line  which  forms  this  dis-  * 
tance,  and  which  is  situated,  on  the  one  external  plane  of  the  stone, 
is,  as  it  were,  the  base  of  a  triangle,  passing  through  the  stone  in  the 
Erection  of  the  diagonal,  and  of  which  the  twp  sides,  which  arp 
the  two  differently  refracted  rays  of  light,  always  converge  together 
under  an  angle  of  6J  degrees  in  a  point  on  the  opposite  external 
plane.    A  clear  proof  that  the  ray  of  light  is  immediately  divided 
^nd  differently  refracted  on  the  surface  of  the  stone.    Moreover, 
let  the  stone  be  placed  nearer  to,  or  further  from  the  object,  or 
the  eye,  no  difKrcnce  can  be  perceived  either  in  the  distance  or  the 
position  of  the  points.    If  two  such  stones  be  placed  one  upon  anop 
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transparent- Di<amoncl I  Ruby,  Emerald,  Sapphire, 
Hyacinth,  Bohemian  Garnet,  Aquamarine,  I'opaz, 
Chrysolite,  Amethyst,  Specular  Gypsum  ;  all  these 
fossils,  however,  occur  also  of  less  degrees  of  traiis« 
parency;    further  'Muscovy-Glass   in    thin    tables; 

and 

ther,  and  in  si^ch  a  manner  that  the  four  lateral  planes  of  the 
Bpper  preserve  the  same  direction  with  the  conjoining  four  laf- 
teral  planes  of  the  lower:  two  points  will  also  appear,  ^ut  Ifi 
the  proportionably  greater  distance  from  each  other  as  the  thick" 
aess  of  die  superior  stone  is  greater.  If,  on  the  contrary,  the 
two  scones  be  so  placed,  the  one  upon  the  other,  that  the  foiif 
lateral  pliAes  of  the  superior  form  oblique  angles  with-  the  con- 
joining four  lateral  planes  of  the  inferior :  the  two  points  will 
approach  nearer  to  each  other,  and  in  such  a  manner  that  if 
t^  two  stones  be  of  an  equal  thickness  the  points  will  conjoin 
in  ootb  Sometimes  it  also  happens  that  bf  placing  a  piece  of 
double  refracting  Spar  in  a  particular  position  four,  and  even 
six,  objects  appear:  this  however  arises  from  the  reflection  of 
thtf  lateral  planes.  Whoever  wishes  for  a  more  circumstantial 
description  of  this  phcenomenon  mxy  consult  Newton's  Optics, 
lib.  III.    Quzst.  35  et  a6. 

Some  have  attempted  to  explain  the  doubling  of  objects  by 
ascribing  it  to  a  rift  in  the  fragment  of  the  Calcareous  Spar. 
That  this  however  cannot  be  the  cause  will  appear  from  the 
jQt>Uowing  reasons:  xst.  one  rift  could  not  effect  it,  fqr  a|  the 
stone  doubles  objects  pn  every  side,  a  rift  on  each  side  would 
be  necessary,  and.  If  the  stone  possessed  several  rifts  one  above 
JUOther,  there  ivould  appear  in  this  case  more  than  two  objects; 
which  however  has  been  never  yet  observed.  3rd,  As  a  rife 
might  be  sometimes  more,  sometimes  less,  deep  in  the  stone,  the 
corresponding  distance  between  the  objects  would  be  variable; 
but  this  is  always  determinate  and  fixed.  4th.  If  a  piece  of  dou- 
ble refracting  Spar  |>e  broken  into  a  hundred  or  more  piecey, 
s^  each  of  these  pieces  will  double  objects:  but  according  to 
this  hypothesis  it  must  be  assumed  either  that  a)l  the  rifts  of 
each  of  these  smaU  pieces  existed  in  the  whole  piece  before  it 
was  broken,  or  that  they  were  first  produced  in  each  of  the 
small  pieces  by  the  breaking  of  the  whole  piece :  the  former  po- 
fition  is  coD^adictory  4o  the  hypothesis,  and  the  latter  cannot 

bf 
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and  lastly,  sometimes  also  crystals  of  Red-Silver* 
Ore,  and  of  White-Lead-Ore,  Brown  Blende  fron 
Ratisborscbiitz  in  Bohemia,  Rock-salt,  Amber,  crys« 
tals  of  Calcareous-Spar,  and  of  Fluor*Spar,  besides 
many  others. 

$'  211. 

A  fossil  is  scmi-transparefit  which  does  not  ad-> 
mtt  the  perception  of  objects  through  large  pieees^ 
but  only  through  smaller,  even  then  appearing 
rather  dimly.  The  experiment  with  transparent 
and  semi*tr^nsparent  fossils  is  best  made  by  plac- 
ing them  on  something  written  or  printed,  aod 
observing  how  this  appears.  Semi-transparent  oc- 
curs the  most  rarely  among  solid  fossils.  We  have 
semi-transparent-^— Opal,  Camelian,  Calcedony, 
sometimes  also  Quartz,  and  crystals  of  Calc^eous* 
Spar. 

^.  212. 

A  fossil  is  translucent  when  objects  cannot  be 
perceived  through  large  or  small  pieces  of  it;  but 
which,  transmitting  some  light,  appear  in  some 
measure  illumined.      This  and  the  former  degree 

be  well  imagi|ied.  5th.  Betides,  t]ie  eiperience  which  ha«  boqi 
mentioned  in  the  former  part  of  this  note,  that  the  incid^t 
ray  of  light  is  divided  immcdiatelj  at  the  surface,  and  refracted 
in  a  double  manner,  is  in  itself  a  sufficient  refutation  of  thit 
Jiypothesis :  for  if  the  doubling  of  objects  were  caused  by  riftt| 
It  should  be  produced  internally  and  n^t  at  the  surface}  is4^ 
pendeutly  of  scYeral  other  objections. 
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of  transparency  occur  particularly  in  siliceous  stones. 
Translucent  are — ^Natural-Sulphur,  White  Amber, 
Natural- Vitriol,  most  Rock-salt,  most  Quartz,  Pra- 
sium,  Flint,  Chrysoprasium,  Jade,  Cats-eye,  Zeo* 
lite^  Fluor,  and  many  others. 

§.  213. 

A  fossil  is  trandtuent  at  the  edges,  when  very 
little  light  is  transtnitted  through  it,  and  which  is 
only  perceived  by  holding  the  fossil  up  to  the 
light  then  appearing  in  some  measure  to  shine 
through  the  extremities  of  the  edges.  Many  combine 
it  with'tbe  opAke,  though  erroneously.  We  have 
tranducenc  at  the  edges,  Hornstone,  Tinstone  crys« 
tah^  Green-Lead-Ore,  Stalactite,  Chinese  Steatites, 
Felspar,  Marble,  Calcareous-Spar,  and  Foliated- 
Gypsum,  sometiaies  also  Red-Silver-Ore,  and  Yel- 
low and  Brown  Blende. 

§.  214. 

Opake  are  those  fossils  whieh  do  not  transmit  ar 
perceptible  degree  of  light  eten  through  the  smallest 
and  thinnest  pieces.  This  degree  of  transparency 
occurs  the  most  freqiiently,  and  is  peculiar  to  all 
fossils  possessing  a  metallic  lustre,  an  earthy  frac- 
ture, and  the  generality  of  those  which  have  a 
black  colour;  besides  these  we  have  opake— *Ma« 
lachite,  Red-Hcematites,  Red-Antimonial-Ore,  Jas- 
per, Egyptian- stone,  and  many  others. 

2.  The 
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2.  Tht  Streak. 

§.  215. 

Solid    fossils    are    aho    distinguished  from   eaCTi 
other    in   this  respect    that   when   scraped  with  a 
knife  or  other  hard   substance  they  yield  a  pow- 
der, presenting  the  same^    or  a  differenij  coldur 
finom  chat  of  the  fossil ;  and  also  the  same  or  a  'more 
or  less  different  lustre*     This  is  called  the  streaky 
being  the  eleventh  particular  generic  character  of 
solid  fossils.     To   determine   the   different   colour 
"which  the  streak  presents  from  that  of  tiae  fossil 
I  sefer  my  readers  to  the  first  part  of  this  cbap*^ 
ter^  in  which  the  colour   is  generally  considered* 
I  shall  therefore  here  adduce  only  some  examples 
of  thcKe  fossils  whose  streak  is  of  a  different  colour : 
-    the   streak  of  Red-Silver- Ore  is  generally   a   dark, 
crimson-red  ;  of  Cinnabar  scarlet-red  ;  of  Specular- 

« 

Iron-Ore  commonly  dark  crimson-red ,  but  some- 
times closely  verging  on  black  ;  of  Micaceous-Iron- 
Ore  the  same ;  of  Wolfram  reddish-brown ;  of 
Green-Lead-Ore^  greenish-white,  inclining  a  little 
to  yellow ;  of  Rpd-Lead-Ore  clear  lemon-yellow,- 
closely  verging  on  orange-yellow  ;  of  Tinstone  crys- 
tals light  grey ;  of  Black  Blende  brown,  inclining 
a  little  to  grey;  of  Yellow  and  Brown  Blende' 
white,  but  more  or  less  yerging  on  yellow,  some- 
times also  on  grey ;  of  black  Slate  light  grey ; 
a,nd  generally  speaking  the  streak  of  most  variegat- 

ed 
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ed  and  black  stones  is  white  or  grey,  %vhich  of- 
tentimes inclines  to  the  proper  colour  of  the  fos- 
sil.  In  order  to  distinguish. the  colour  of  the  streak 
it  is  not  always  necessary  to  scrape  the  fossil :  it 
Biay  (A^ntifnes  be  observed  in  a  part  injured,  or 
bruised. 

3.  The  stain. 
$.  216. 

In  handling  solid  fossils,  or  in  drawing  them  along 
a  piece  of  paper,  we  find  that  some  leave  parts 
behind  them  and  that  others  do  not.  This  also 
serves  for  the  distinction  of  solid  fossils,  and  is  the 
twelfth  particular  generic  character ^  and  the  third 
of  those .  which  form  the  general  appearance.  It  i» 
called  the  stain^  and  is  the  last  of  those  particular 
generic  characters  which  are  perceived  in  solid 
fossils  by  th€  sight.  Solid  fossils  that  stain  are  not 
very  common.  They  arc  diittinguislied  into — such 
zs^  simply  stain,  and  this  e\t(her  stro7igly  or  weakly ; 
and  such  as  both  stain  ^nd  7nari\  Of  the  former 
kind,  such  as  simply  stain,  we  have  Red  Scaly- 
Iron-Ore^,  and  Grey-Ore  of  Manganese;  of  the 
latter,  we  have  Chalk  which  both  stains  strongly, 
and  marks;  also  Slate,  Reddle,  and  Plumbago, 
vbicb  both  stain  weakly,  and  mark. 


The 


m  ExpUcaiom  (fthe 

The  hmrdneis. 

§.  217. 

Having  treated  of  tbose  particular  generic  cha^ 
racUrs  of  solid  fossils  which  are  observed  hf  the 
tight  J  we  now  proceed  to  those  which  are  pef- 
ceived  bj^  the  touch.  Among  these  the  hardness  is 
the  firsts  and  in  the  general  arrangement  the  thir* 
ttenth* 

$.  218. 

By  the  hardness  a  of  fossil  i»  understood  the  resist* 
ance  which  it  makes  to  an  impressiTe  force^  tend* 
ing  to  the  separation  of  its  integrant  particles.  Eveit 
in  handling  fossils  we  perceive  that  the  particles  of 
some  are  more  easily  separated  than  of  others,  that 
they  more  easily  receive  an  impression,  or  fed 
more  soft  or  tender.  Thus  a  piece  ef  Gypsunt 
feels  more  tender  than  a  piece  of  Quartz.  Ofthb' 
difierenee  w^  are  made  much  more  sensihle,  if  in 
considering  it  we  confirm  our  sense  of  feeling  by* 
the  aid  of  instruments.*    The  consideration  of  this 

wQerencG 


*  Those  autmrnentt  which  the  MioenJogist  t«kcf  to  fait  «•• 
•iatance  in  the  examiAation  of  the  hardness  are— the  kmft  ill 
half-hard  and 'soft  foutls,  the  ttttl  in  hard,  and  tht  jte  in  per- 
fectly hard  fossils.  The  knife  may  also  be  employed  in  examift* 
tng  the  streak  and  ihe  solidity.  If  to  these  we  add  the  follow* 
ing,  we  shall  possess  a  complete  case  of  mineralogical  instm* 
ments;  a  magnifyimg  ^Aui,  which  is  often  wanted  in  examining 
the  czternai  fonn '  md  the  fracture,  for  which  purpow  a  simple 
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« 

difierbnce  is  balled  by  Mitieralogists  that  exami- 
nation  of  the  hardness  i  in  relation  to  which  solid 
fossils  are  distinguished  into  hardy  hcdf-hard^  soft 
and  very  soft. 

Hard  is  a  fossil  that  dannot  be  scraped  with  a  knife, 
bat  rather  give  fire  with  steel.  This  degree  of 
hardness  is  found  only  among  perfectly  brittle  fossils. 
Hard  fossils  are  further  distinguished,  in  relation  to 
the  impressioEl  which  they  receive  from  the  applica^ 
tion-of  a  file,  into  hardy  such  nao^ely  on  which  the 
file '  makes  a  considerable  impressiony  as  Felspar| 
Sfaorly  and  Specular-Iron^re  ;  very  hard^  oa  which 
the  file  makes  a  wetdc  impression^  as  Rockcrystal, 
Topaz,  and  Flint;  and  extremely  hardy  on  which 
the  file  makes  no  impresstoHy  but  rather  receives 
ati  impression  from  the  fossil,  as  Diamond,  and 
Emery. 

HdfJiard  is  a  solid  fossil  which  does  not  strike 
lire  with  steel,  but  may  in  some  measure  be  scraped 
with  a  knife.  Such  are.*-Red-Copper-Ore,  Sparry- 
Iron«Ore,  Micaceous-Iron-Ore,  Indurated  Earthy- 
Lead-Ore,  most  Kende^  White*Cobatt*-Ore,  Native- 
Arsenic,  Sulphurated-Nickel,  Dmestone^  Calcareous^ 

o  Spar, 


Ion  if  sufficient;  a  pHal  of  mUrmu  aady  of  the  uce  of  which  I 
ihall  ipeak  in  the  last  chapter}  and  a  magnet ^  for  which  how- 
ever the  tteel  may,  for  the  greater  conTenienre,  he  prepared.  If 
CO  these  We  further  a<!d  a  tUw  pipe,  for  the  sake  of  making. 
hastf  experiments  with  fossils  in  the  dry  way,  we  shall  be  pro- 
Tided  even  to  superfluity.  Convenient  cases  of  such  instruments 
are  very  neatly  constructed  by  Mr,  Schubert,  mechanician  to  flic 
Mine  Academy  at  Freyberg. 
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^Spar,  and  Stahctite,  Of»l,  Fluor,  Zeolite,  Btaalt, 
Pitcbstoae,  and  many  others. 

§.  221. 

Thoae  solid  fossils  are  $qft  which  may  be  easily 
aoraped  vith  a  knife,  bat  suffer  no  impressioti  from 
the  nail.  Of  this  kind  are — ^Vitreoos*8il?er«Ore9 
Grey-Silver^Ore,  most  Lowland<^Argillaceoos4roB* 
Ore,  Conmoo  Galena,  Conpact  Gakoa,  j^ntimo^ 
niatcd-Silver-Ore,  White  and  Grecn*Lead*Or8s,  red 
pbosphoroscent  Blende  from  Scbavfanbeig  near  Mei»« 
sen,  Amber,  Baroselenite,  Afica,  Aabestm ;  par- 
<iaMy  abo  Serpentine,  W(^am,  and  aevcfal  odiers, 

5.  222. 

Verif  $qfi  are  aU  solid  fosfUs  srhkb  may  not  ody 
be  easily  scraped  with  a  knife,  but  also  receive  all 
iiD|H?ession  from  tlie  nmL  Y^ry  s0ft  ate-**HXK>st 
Sfjiid  Cinnabar,  Corneous-Silver-Ore,  SuJ^hnrated-r 

a 

Bismuth,  Grey-AntimoniaLOi>e,  ihe  greatest  part 
of  Earthy-Cobalt-Ores,  Striated  Red-Cobalt-Ore^ 
Realgar,  NaturalrStii{>hur,  MiDteriJ-Piidi,  most  Ptt^ 
Coal,  Comp^^ct  and  Specular  Gjrpaum,  Talc,  Mo* 
lybdcena,  most  Ores  of  Manganese,  Steatites,  Ami- 
anthus, Chalk,  and  many  others. 

These  several  degrees  of  hardness  pass  one  into 
the  other,  in  such  a  manner  that  each  tk0t  only  o«« 
curs  very  differently   modified,   but  we   also  fre- 

4]Qeatly 
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quenliy  meet;  With  fossils  pcs^efisiftg  two  diflEbreDt, 
yet  relative,  degrees,  which  vary  little  from  each 
other  in  hardtiess,  and  hence  Coria  the  transition  of 
these  two  degrees^  Thus  hard  Magnetic-Ironstone 
and  Opal  differ  not  much,  with  respect  to  hardness, 
from  half-hatd  Sulphurated  Nickd,  and  Basalt ;  and 
hal£Jiard  Copper  Pyrites  and  Mal^hite  border  herein 
on  soft  Bafoselenite  and  Whifee-Lead-Ore :  And 
agilo,  sa^  Iled-8ilver-0re  and  Amber,  on  very  soft 
Cinnabar  and  NalHraUSalpfaur.  It  is  therefore  pro* 
per^  in  deterqaining  the  hardness  of  a  fossil,  not  only 
to  mention  the  chief  degree  to  which  it  belongs, 
but  also  to  deternMoe  the  relation  which  it  bears,  in 
this  respect,  to  some  other  known  fossil  of  the  same 
degree,  reniarking  also  when  a  fossil  forms  the 
transition  to  one  or  the  other  degree.  Thus  we  may 
say — Grey-Silver-Ore  is  balf.hard,  but  softer  thaa 
Gjwy«XI!opper-Ore,  and  harder  than  Copper-Pyrites; 
Amber  is  soft,  .and  forms  the  transition  to  the  very 
soft  fossils. 

The  soUditjf. 
§.  224. 

Is  i\^  fourteenth  particular  generic  character  of 
solid  fossils,  and  the  second  of  those  observable  by 
the  Touch.  By  the  solidity  is  understood  the  dif- 
ferent cohesion  of  the  integrant  particles  of  solid 
fossils.  We  ^nd  in  this  respect  that  the  integrant 
particles  of  solid  fossils  are  either  coherent  and 
thoroughly  immoveable,  or  coherent  and  in  some 

o  2  measure. 
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measure,  though  difficuUly,  moveabte,  cm  afctiong 
another.  In  relattoik  to  th^e  distinctions  solid  fossils 
are  said  to  be  brittle^  sediite^  or  malleable. 

Brittle  are  those  whose  integrant  particles  are  in 
the  highest  degree  coherent  arfd  '  immoveable  one 
artiong  another.  Brittle  fossils  occur  by  far  the 
jnbst  frequently,  and  are.  particularly  distinguished 
by  the  fine  dust  which  springs  from  them  on  a 
powerful  application  being  made  with  the  knife; 
All  hard,  also  many  half-hfard,  and  soft  fossils  are . 
brittle.  Such  are— Quartz,  Speculac-Iron-Ore,  Grey- 
Copper-Ore,  •Red-Copper-Ore,  Wolfram,  Copper- 
Pyrites,  Baroselenite,  and  many  others. 

Seciile  arie  those  fossils  whose  integrant  particles 
ai'e  coherent,  but  not  perfectly  immoveable  one 
among  another.  Sectile  is  a  medium  between 
bi^ittlc,  and  malleable.  In  cutting  sectile  fossils 
tlie  separated  parts  remain  together,  in  some  mea- 
sure resembling  flakes  or  slices.  Sectile  fossils 
always  acquire  a  stronger  lustre  from  the  streak. 
Of  this  kind  are — most  soft  and  itery  soft  fossils,  as 
Plumbago,  .Vitreous-Copper-Ore,  Purple-Copper- 
Ore,  Common  Galena,  Compact  Galena,  and  others. 

'Malleable  fossils  are  those  whose  integrant  par- 
tides  are  coherent,  but  also  more  or  less  moveable 
one  among  another.  Such  are  not  only  capable  of 
being  cut  in  slices,  but  of  being  bent  ancl  extended 
nnder  the  hammer.  They  are  never  hard,  and 
generally  occu?   with  a  metallic  lustre.     We  have 

malleabh 
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malleable — nearly  all    Native  Metals,  Vitreous-Sil- 
ver-Ore, and  Corneous-Silver-Ore. 

Malleability  is,  in  d-  noanner,  a  slight  degree  of 
fluidity,  forming  the  transition  from  solid  fossils 
into  fluid. 

The  Coherence  or  frangibUity. 

§.  225. 

Is  the  fifteenth  particular  generic  character  of 
solid  fossils,  and  the  third  of  those  which  are  dis- 
covered by  the  touch.  By  the  frangtbilitrf  is  under- 
stood the  greater  or  smaller  degree  of  force  re- 
quisite to  separate  a  fossil  into  fragments.  That  * 
this  does  not  merely  depend  on  its  hardness  may 
be  immediately  inferred  from  this — that  notwith- 
standing  Q,uartz  is  bard,  and  Hornblende  soft,  yet 
the  latter  is  much  more  difficultly  frangible  than 
the  former.  Generally  speaking,  all  malleable  fossils 
are  difficultly  frangible,  and  those  possessing  a  foli- 
ated or  conchoidal  fracture  more  easily  frangible. 
The  different  degrees  of  frangibilitj',  which  do  not 
admit  of  a  fuller  explanation,  are  denoted  by  the 
five  following  distinctions  :  viz.  very  difficidtly  frangi- 
ble^ as  Native  Metals,  massive  Common  Hornblende, 
and  Basalt ;  difficultly  frangible  y  as  Prasium,  massive 
Quartz,  and  Asbestus  ;  rather  easibly  frangible ^  as 
Martial-Pyrites,  and  Vitreous^Copper-Ore  ;  easily 
frangible^  as  Galena,  Opal,  and  Baroselenite ;  and 
fpcry  easily  frangible y  as  Pitcoal  and  Amber. 

Tkf 
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The  flexibility. 

\.  226. 

Solid  fossils  are  further  distinguished  from  each 

■ 

other  in  this  respect,  that  some,  in  larger  or  smaller 
pieces,  are  capable  of  being  beqt,  and  that  others^, 
on  the  contrary,  break  on  their  direction  being 
changed.  The  formelr  are  called^xiAfc,  the  latter 
inflexible ;  and  the  character  is  in  general  called  tho 
flexibilitr/j  being  the  sixteenth  partictUar  generic  cha- 
racter  of  sdlid  fossils,  and  the  fourth  of  those  which 
are  discoverable  by  the  touch.  Few  fossils  occur 
jlexible,  and  these  are  distinguished  into  cofnmonf 
and  elastic.  Common  flexible  fossils  are  those  which 
remain  in  the  direction  in  which  they  have  becQ 
bent,  and  of  this  kind  are  all  perfectly  malleable 
fossilS)  the  fibres  of  Amianthus,  Talc  in  thin  Tables, 
and  even  the  folia  of  Gold-Ore  of  Nagaya  ;  elastic 
flexible  are  thos6  fossils  which  return  to  their  former 
position  on  the  power  which  bent  them  being  discon- 
tinued, as  Mica,  particularly  that  kind  called  Mus-* 
covy-Glass,  and  Elastic  Mineral-Pitch  from  Derby- 
j»hirc. 

The  adhesion  to  the  tongue. 

J.  227. 

In  applying  solid  fossils  to  the  tongue,  or  the 
lips,  we  find  that  some  imbibe  the  moisture,  and 
adhere,  and  that  others  do  not.    This  is  called  the 

adhesion 
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.mdhesion  to  the  tojigue,  being  the  last  particulfl^ 
generic  character  discoverable  by  the  touchy  and 
tbe  seventeenth  in  the  general  arrangement.  It  is 
▼ery  characteristic  of  those  few  fossils  to  which  \t 
appertains^  which  are  confined  to  some  very  soft^ 
softy  and  half-hard  fossils.  Scarcely  were  Lithomarga 
and  FuIIer's-Earth  ext^nally  distinguishable  from 
each  other  did  not  this  character  come  to  our  assist- 
ance. In  relation  to  the^  adhesion  to  the  tongue 
fossils  are  said  either  to  adhere  strongbf^  as  Hydro-^ 
phane ;  rather  strongly,  as  Bole,  and  Lithomarga  ; 
weakly y  as  Talc ;  very  weakly ,  as  Clajr ;  or  iwt  at 
ally  as  most  fossils. 

The  sound. 

§.  •  228. 

This  is  tbe  eighteenth  and  last  particular  generic 
character  of  solid  fossils,  and  the  only  one  observed 
tn  them  by  the  hearing.  The  sound  of  fossils  is 
distinguished  into  ringing  or  resounding^  creaking, 
and  rustling.  Some  few  fossils  when  suspendei^, 
and  struck  with  a  hard  substance,  ring*  or  resound. 
FcMT  this  purpose  however  it  is  necessary  that  such 
fossils  possess  a  considerably  greater  length  than 
thickness.  Fossils  which  ring  on  being  struck  are — 
Native-Arsenic,  long  Rock-crystals,  Specular-Gyp- 
sum when  split  into  pretty  thick  tables,  Slate  in  not 
too  thick  tables,  also  the  columnar  distinct  concre- 
tions of.  Argillaeeous-Iron-rStone  from  Hoschnit2. 
The  a^eaking  sound  of  fossils  is  heard  most  dis- 
tinctly 
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tinctly  in  Natural- Amalgam  when  pressed  with  the 
finger,  hence  it  is  a  character  appertaining  in  some 
measure  to  the  touch.  The  same  sound  is  heard  in 
cutting  brittle  fossils*  Lastly,  rustling  is  the  dull- 
est kind  of  sound,  and  heard  in  handling  a  fossil, 
or  in  passing  the  finger  over  its  surface,  as  in  Mouq- 
tain-Cork,  and  Farinaceous  Zeolite. 


2.  Particular  generic  characters. 

Of  Friable  fossils, 

§.  22d. 

Friable  fossils  are  those  which  consist  of  a  num- 
ber  of  very  small  aggregations,  so  small  that  they 
icannot  be  examined  individually^  and  either  do 
not  cohere  at  all  together,  or  so  slightly  that  the 
whole  may  be  reduced  to  powder  by  the  bare  pres- 
jBure  of  the  finger.  Of  the  earths  the  greater  part 
appertain  to  "friable  fossils;  the  remaipder  are  just- 
ly  ranked  with  solid^  fossils. 

As  friable  fossils  are  deficient  in  many  charac- 
ters which  appertain  to  solid  fossils,  as  the  fracture, 
the  form  of  the  fragments,  the  transparency,  the 
streak,  the  hardness,  the  solidify,  the  fiexibility, 
^nd  the  spiind ;  and  aUo  possess  others  not  occur- 
ring in  solid  fossils;  I  have  brought  them  under 
one  particular  head,  though  in  other  respects  th^y 
^e]ong  to  sp}id  fpssUs^ 

§.  230. 
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§.  230. 

Among  the  particular  generic  characters,  \i'hich 
piay  be  discovered  in  friable  fossils,  those  which 
the  eye  observes  appear  first;  and  these  are,  the 
external  form ^  the  lustre,  the  appearance  of  the 
particles f  and  the  stain:  then  follows  that  characr 
ter  whicb  is  observed  by  the  touch,  which  is  tlx^ 
friabiliti/. 

The  external forn^, 

%.  231. 

The  external  form  of  friable  fossils  is  either  mas^ 
sivCj  in  which  state  Porcelain-Earth,  Biue-Mar- 
tial-Earth,  Earthy  Azure-Copper^Ore,  Earthy  Ba- 
roselenite  occur;  interspersed^  as  Black-Silver-Ore, 
Earthy  Azure-Copper-Ore,  and  Blue-Martial-Earth ; 
as  a  thick  or  thin  overcast  or  invesiurey  as  Black- 
Copper-Ore,  Earthy  Red-Cobalt-Ore,  and  Red 
Scaly-Iron-Ore;  spumifomi,  as  Red  and  Brown 
Scaly-Iron-Ores ;  dendritic ,  as  Brown  Scaly-Iron- 
Ore,  Earthy  Grey-Ore  of  Manganese ;  or  renifoj^m, 
^  Pure  Argill,  and  Earthy  Talc. 

The  lustre. 

§.  232. 

I  have  already  mentioned  generally  in  §.  173.--- 
§.  180.  what  the  lustre  is,  and  how  it  should  be 
determined.     I   will   here    therefore   only  observe, 

♦h4 


^02  Explication  of  ihe  « 

(hat  friable  fossils  are  never  found  with  any  strong 
degree  of  lustre,  but  either  glimmerings  and  this 
common  or  m^tallic^  or  dull.  We  have  glimmer^ 
in^— Scaly-Iron-Ore,  Earthy  Talc,  sometimes  ako 
friable  Ore  of  Manganese ;  and  dull — Earthy-Lead- 
Ores,  Lithomarga,  Calcareous  and  Argillaceous 
^rths.     Friable  fossils  occur  most  commonly  dulU 

The  appearance  of  the  parficUs, 

§.  233. 

The  particles  of  friable  fossils,  when  observed  « 
by  the  eye,  appear  in  some  like  an  indiscriminate 
dust,  in  otliers  like  very  small  scales.  The  former 
are  called  dustj/  particles,  the  latter  scidy.  This 
is  the  third  particular  generic  character  of  friable 
fossils,  and  is  called  the  appearance  of  the  particles* 
Scaly  {>articles  are  the  most  rare,  and  occur  iq 
Scaly-Iron-Orcs  and  Earthy  Talc;  dusty  particles, 
on  the  contrar}',  are  most  commonly  met  with,  a^ 
in  Black-Copper-Ore,  Iron-Ochres,  Earthy-Lea^- 
Ores,  Lithomarga,  and  others. 

The  stain^ 

§.  234. 

Having  already  mentioned  in  §.  216.  what  the 
ttain  is;  I  will  here  only  observe,  that  all  friable 
fossils  stain,  that  is,  some  of  their  particles  attach 
themselves  to  the  fingers,  differing  only  in  the  de- 
gree,   one  fossil  more  than  another:    thus  Scaly* 

Iron-Ores 
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Iron  Oi€s  stain  much  more  than  Black-Copper-Orey 
and  Earthy-Lead-Ores^ 

The  friability. 

§.  235. 

I8  the  ^th  and  last  particular  generic  character 
of  friable  fossils,  and  the  only  one  which  we  dis- 
cover in  them  by  the  touch.  By  the /riabilit]/  is 
understood  the  different  relation  of  friable  fossils 
with  respect  to  the  coherence  of  the  small  aggre- 
gated parts  which  compose  them.  These  fossils 
occur  either  without  any  notable  coherence,  in  which 
case  they  are  said  to  be  pulverulent;  or  they  cohere 
slightly  together,  and  are  then  said  to  be  Icosehf^ 
coherent.  By  the  latter,  which  are  coherent  in 
different  degrees,  friable  fossils  border  on  solid 
fossils.  Pulverulent  are  most  Earthy-Lead- Or6s, 
Blue-Martial-Earth,  Nickel-Ochre,  and  oftentimes 
Calcareous  Earths;  losely-coherent  are — Morassy- 
Iron-Ore,  Scaly-Iron-Ore,  Earthy  Red-Cobalt- 
Ore,  and  for  the  greater  part  Lithomarga,  and 
Clays. 


3.  Particular  generic  characters 

0/  Fluid  Fossils. 

§.  236. 

Fluid  fossils  are  those  whose  integrant  particles 
axe  perfectly  coherent  and  moveable  one  among 

another^ 
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another,  and  so  moveable  that,  sp^ce  being  given, 
they  immediately  change  their  position  by  means 
of  their  own  gravity,  which  is  properly  called ^a'- 
The  few  particular  generic  characters  observa-r 
ble  in  fluid  fossils  are  the  following :  the  external 
form^  the  lustre,  the  transparency,  the  fluidity^ 
and  the  wetting  of  the  fingers. 

The  external  form, 

§.  237. 

The  external  form  is  the  first  particular  generic 

character  observable    by  the  sight  in  fluid  fossils. 

It  scarcely  occurs  in  any  fluid  fossil  beside  Native- 

Cluicksilvcri  which  is  found  m  globules^  and  liqm^ 

form.  » 

The  lustre^ 

§.  238. 

Is  the  second  particular  generic  character  dis- 
coverable by  the  sight  in  fluid  fossils.  With  res^ 
pect  to  the  explication  of  this  character  I  refer 
my  readers  to  §.  173. — %.  180,  and  I  will  here 
only  observe  that  in  fluid  fossils  the  lower  degrees 
of  lustre  do  not  occur,  all  being  shining,  and  either 
common  or  metallic.  The  latter  occurs  only  in 
Native-Quicksilver. 


Th^ 
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The  transparency. 
§.  239. 

Is  the  third  particular  generic  character  obsenr- 
able  in  fluid  fossils  by  the  sight.  As  the  transpa- 
rency has  been  already  described  in  §.  209.  §.  21 4, 
I  wi]I  here  only  observe  that  fluid  fossils  do  not 
require  so  nfiiny  degrees  as  the  solid,  for  the  de- 
termination of  the  transparency ;  the  following  three 
are  sufficient ;  transparent^  as  in  Naphtha  ;  turbid^ 
(comprising  all  intermediate  degrees^)  as  in  Petrol ; 
atid  opake,  as  in  Native-Quicksilver. 

,  The  fluidity. 

§.  240. 

Is  discoverable  in  fluid  fossils  by  the  touch.  For 
we  find  that  by  touching,  or  stirring  them,  with 
tbe  finger,  that  the  molecules  of  some  are  much 
more  easily  moveable  one  among  another  than  of 
others.  The  former  are  called  perfectly  Jluid,  the 
latter  coheswe.  Cohesive  forms  the  transition  into 
maHeable.  Of  the  former  kind  are  most  fluid  fo^ 
«ls,  of  the  latter  I  know  none  beside  Mineral-> 
Tar. 

Tlie  wetting  of  the  fingers. 

§.  241. 

Is  tbe  fifth  and  last  particular  generic-  character 
•f  fluid  fowils^  .and  the  second  of  those  discovered 
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hy  the  touch.  With  respect  to  the  wetting  of  the 
JingerSy  fluid  fossik  ar«  distingmsbed  into  such  as 
either  wet  the  fingers,  as  in  the  case  of  Petrol 
and  very  fluid  Mineral-Tar ;  or  do  not  wet  the  fin* 
gers,  itt  Nativ€-QuickaiWer. 


.  REMAINING  COMMON   G£K£K|C  £XT£^]irAJ(- 

CHA&ACT£AS« 

§.   242. 

Having  fully  treated  of  the  Colour^  and  of  tiie 
Cohesion  of  the  particles^  with  the  particular  gene* 
TIC  characters  of  solid,  friablCy  and  fluid  fossilSf 
vhich  in  the  doctrine  of  characters  occupy  so  wide 
a  fteld^  and  reqtMired  so  detailed  an  e^^osition,  we 
now  paas  qn  to  the  remaining  common  generic, 
characters  of  Um)i&. 

ni.  The  Unctuosity, 

In  relation  to  which  fa58U9  ace  distinguiibed  into 
grtayfy  and  meaffi'c.  The  former  9M^  those  in  wfaMb 
by  haodlingy  a  certain  greaain^s  is  iMreeived,  agrees- 
ing  in  this  respect  in  some  measure  with  those  snb-* 
stances  which  in  common  life  are  called  greasy; 
the  latter  (which  are  also  the  most  common)  are 
those  in  which  greasiness  b  not  perceived  in  hand- 
ling tbtei.  Thft  grsMinttv  of  fctsfiis,  at  kaat  df 
tboit  wbioh  ar«  solid,  or  fnable>  may  poiaibly  pro^ 

ceed 
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we^  &o«t  9  ceitain  foliated  or  scaly  sbape  of  their 
foallert  aggregr|it€|d  parts^  and  from  the  slight  da- 
grM  of  cpberence  existing  between  these  part&, 
UntftQDsity  or  greasiiifSSB  sesois  peculiarly  appro- 
priate to  inflanunable  sub^tance^,  and  to  ixuiriatic 
earths  and  stones.  Fossils  may  be  further  distin- 
guished in  relation  to  Uoctoosity  into  such  as  are^^ 

1 .  Baihfr  greasy,  as  Pipe-clay ; 
.   2.  Greaay,  as  FulkrV£artb>  and  Steatites; 

3.  Ferjf  greasy,  Tak,  and  Plombago. 

Meagre^  on  the  contrary,  are  roost  Ores,  all  Salts, 
Calcareous  Stones,  Gypsum,  Fluors  and  a  great 
Kiaay  others.  The  Lustre  which  some  fossils  acquire 
by  the  streak,  as  Earthy-Cobalt-Ores,  may  also  bQ 
c^psidered  m  •  certain  degree  of  Unctuo9ity. 


ly.  The  Coldness. 
§.  243. 

Is  the  fourth  common  generic  character  of  fossils, 
and  by  it  is  understood  the  power  possessed  by 
dtGEerent  fossib  of  exciting,  when  bandied,  the  sen- 
sation of  different  degrees  of  cold*  The  chief 
causes  of  coldnes,  and  its  difiereat  degrees,  seem 
to  be  hardness  and  density ;  for  we  may  generally 
observe,  that  a  fossil  which  is  harder  and  heavier  . 
tluwi  another  also  feels  colder.  Thus  the  Diamoock 
feels  colder  than  Marbk,  Marble  colder  than  Ah^ 

baster. 
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1>aster,  Alabaster  colder  than  Chalk.  However,  to 
observe  this  <:haracter  correctly,  it  is  necessary  that 
the  fosstls^  in  vbich  it  is  to  be  observed,  shall  hav« 
Iain  for  a  time  in  an  equal'  temperature,  and  of 
course  larger  specimens  a  longer  time  than  smaller* 
Fossils  are— 

1.  Cold  J  which  possess  the  coldness  of  Quartz^ 
Horn-stone  Jasper,  Marble,  and  many  others. 

2.  Rather  coldj  as  Serpentine,  Gypsum,  Steatites. 

3.  Slightly  tdldy  Amber,  Chalk,  Pitcoal. 

The  coldness  serves  in  particular  to  distinguish 
stones  from  each  other  which  are  cut  and  polished, 
iand  therefore  do  not  admit  of  an  examination  of 
other  characters,  such  as  the  fracture,  the  hardness, 
&c.  as  e.  g.  statues  of  Porphyry,  Marble,  or  Ah- 
baster  ;  and  also  natural  gems  which  may  easily 
be  distinguished  by  tbi«  cbaroGter  from  such  as  are 
artificial. 


V.  The  Weight. 

Is  the^M  common  generic  character  of  fossib^ 
and  the  last  of  those  observed  hf  the  touch.  For 
the  colour  of  a  fossil  may  be  perceived  even  at  a 
distance,  the  cohesion  of  its  particles,  its  unctuosicy^ 
its  coldness,  by  approaching  nearer  and  feeling  it  ^ 
but  the  weight  of  a  fossil  is  then  only  found  when^ 
after  having  felt,  it  is  lifted  by  the  hand* 

$.  as. 


\ 
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§.  245. 

As  the  weight  is  in  general  det^tmined  by  weigh- 
\  ing  in  scales^  knd  sight  is  necessarj^  in  this  detortni- 

hation  (  some  have  reckoned  it  ambng  those  ester* 
nal  characters  which  are  discovered  by  the  eye. 
We  have  however  only  to  remark  that  properly  all 
the  external  characters  of  fossils  are  perceived  di- 
rectly through  the  senses^  and  these  are  only  oc- 
caionaily  assisted  by  means  of  instruments.  It  is 
therefore  easily  uhdertood  that,  in  the  case  of  our 
senses  being  unassisted  by  instruments,  the  weight 
must  be  petceived  by  the  touch,  and  not  by  the 
sight. 

f  246. 

The  weight,  or  gravity,  of  a  body  is  that  pro- 
perty by  the  power  of  which  it  tends  toward  the 
center  of  the  Earth,  and  this  with  a  force  propor-  , 
tionate  to  its  mass. 

The  objection  might  be  raisedr- '<  that  as  the  gra- 
vity of  fossils  is  observed  their  tending  toward  the 
centre  of  the  Earth,  it  should  properly  be  ranked 
among  the  Physical  characters.*' — To  this  I  answer^ 
it  is  true  indeed  that  the  weight  of  fossils  does  not. 
immediately  strike  the  senses  ;  but  there  are  also 
many  other  External  Characters  which  coincide  with 
it  in  this  respect,  as  the  colour,  the  lustre,  which  are. 
both  perceived  by  means  of  the  rays  of  light  only : 

p  as 
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as  however  the  weight  may  be  perceived  by  feeling 
alone,  independently  of  the  aid  of  any  other  sub-* 
stance,  ^ye  are  fully  justified  in  classing  it  among 
ttie  Exi^nwl  Cha^racttrs  offossilsy  L  e.  among  those 
vrhieli  >ar^  discovered  in  fossils  solely  through  the 
means  of  our  sepaes. 

§.  247. 

The  gravity  of  a  body  is  determined  either  by 
examining  its  quantity  in  any  certain  volume  of  a 
body  which  inay  occur,  which  is  properly  called  its 
absolute  weight ;  or  by  observing  the  relation  which 
tlie  body  bears,  with  respect  to  weight,  to  another 
body  of  an  equal  volume  ;  which  is  called  its  specific 
gravity.  It  is  this  latter,  viz.  the  specific  gravity, 
which  we  here  consider  as  an  External  Character 
of  fossils ;  for  it  is  invariable  in  a  fossil,  whereas  the 
weight  varies  in  every  individual  accordingly  as  its 
volume  varies. 

§.  248. 

As  the  specific  gravity  of  a  body  is  ever  propor- 
tionate to  the  mass  or  matter  existing  in  its  consti- 
tution, it  happens  that  this  property  of  fossils  is  that 
character  which  most  certainly  evinces  a  diflference 
in  their  constitution.  For  as  it  will  never,  or  at  least 
▼ery  rarely,  happen  that  fossils  shall  be  found  of 
difi^ereiit  constitutions  possessing  equal  quantities  of 
matter  in  equal  volumes,  i.  e.  shall  be  of  the  same 
specific  gravity  :  we  may  also  conversely  conclude  in 

general 
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general  that  fossils  of  different  specific  gravities  pos- 
sess a  difference  in  their  constitution.  Hence  fos- 
sils are  also  found  which  though  they  nearly  agree 
in  their  other  External  Characters  are  yet  easily 
distinguished  from  each  other  by  means  of  the  dif- 
ference in  their  specific  gravities,  ase.  g.  Sulphurated 
Bismuth  from  foliated  lead-grey  Antimonial  Ore, 
and  many  others. 

§.  249. 

This  external  Character  is  also  one  of  those  which 
cannot  be  observed  in  some  specimens  without  difii- 
culty  and  in  others  not  at  all.     If  a  fossil  occurs 
quite  pure,  i.  e.  unmixed  with  any  other,  its  spe- 
cific gravity  can  be  accurately  determined :  but  this 
does  not  always  happen,  specimens  being  frequently 
found  in  which  the  fossil,  whose  specific  gravity  is 
to  be  determined,  is  mixed  with  one  or  several  fos- 
sib.     Here  it  is  necessary  to  form  a  judgment  of  the 
specific  gravity  of  the  fossil  which  is  mixed  with  it, 
and  thence  to  infer  the  specific  gravity  of  the  fossil 
to  be  examined ;   this  however  requires  an  expe- 
rienced observer,  and  yet  cannot  be  absolutely  de- 
termined.   Specimens  sometimes  also  occur  in  which 
the  fossil,  whose  specific  gravity  is  to  be  examined, 
lies  much  dispersed  and  concealed,  or  perhaps  a 
small  portion  of  the  fossil  only  is  mixed  with  a  large 

portion  of  other  fossils :  in  such  this  External  Cha^ 
racter  cannot  be  discovered. 

P  2  §.  250. 
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§.  250. 

In  determining  the  specific  gravity  of  a  body  k  is 
compared  with  water,  according  to  the  usual  method, 
and  the  difference  remarked  of  an  equal  volume  of 
each.  To  effect  this  the  more  accurately  the  weight 
of  water  is  divided  into  1 ,000  parts,  and  the  specific 
gravity  of  the  body  to  be  examined  is  then  deter- 
mined  by  the  number  of  such  parts.  The  experi-> 
ment  is  made  in  several  ways ;  but  the  most  usual » 
that  of  weighing  the  body  in  pure  distilled  Water, 
in  a  place  of  the  necessary  temperature*. 

§.  251. 

6ut  this,  as  well  as  every  other,  experiment  em- 
ployed by  Natural  Philosophers  in  the  discovery  of 
the  specific  gravities  of  bodies,  is  inapplicable  in 
Oryctognosy.  For  how  is  it  possible  that  we  shoufd 
be  constantly  in  possession  of  the  necessary  appa* 
ratus  ?  and  in  what  cabinet  would  a  Mineralogist  be 
suffered  to  make  experiments  of  this  kind  with  speci- 
mens  ?  besides  much  time  is  required  in  the  prepa« 
rations  for  such  experiments,  independently  of 
other  difSculties. 

We  must  here  employ  our  own  members,  and 
when  we  examine  this  character  in  a  fossil,  by 
lifting  it  with  the  hand,  our  own  feeling  must  ac-. 

quaint 

*  A  more  detailed  account  of  this  and  other  inodea  of  exaraiokc 
the  specific  grawties  of  bodies  may  be  met  with  ia  aU  elementary 
trcatisei  of  Natural  Philosophj^ 
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quaint  us  with  the  relation  which  its  weight  bears  to 
its  volume  \  the  Jbtter  is  tp  be  estimated  by  the  eye. 

§.  ?52. 

The  different  specific  gravities  of  fossils  may  be 
determined  in  their  External  Descriptions  by  the 
comparison  with  water,  as  described  in  §•  250 ;  it  is 
however  extremely  inconvenient,  and  even  almost 
impossible,  to  retain  in  the  memory  the  number  of 
the  specific  gravity  of  every  fossil  determined  in  this 
manner.  As  the  determination  need  not  be  so  very 
exact,  and  as  it  cannot  be  made  so  accurately  by 
the  mere  touch ;  I  have  assumed  five  degrees  for  its 
distinction  which  are  easily  made  known,  and  when 
occurring  in  the  External  Description  of  a  fossil 
whose  specific  gravity  is  determined  after  this  man- 
Ber  may  be  easily  remembered.  Of  each  of  these  five 
degrees  I  have  not  only  mentioned  the  relation  to  the 
weight  of  pure  water,  but  I  have  also  illustrated  it 
by  a  sufficient  number  of  examples  of  fossils,  fol- 
lowing each  other  generally  in  an  order  correspond^ 
^ng  with  that  of  their  ^peoific  gravities. 

§.  253* 

These  degrees  of  the  specific  gravity  of  fossil$ 
BT&^supernatant,  light,  rather  heavy,  heavy,  and 
extremely  heavy. 

I.  Supernatant — are  all  fossils  possessing  a  less 
specific  gravity  than  water,  and  hence  swimming 

on 
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on  it.    Such  are  Naphtha,  Petrd,  Mouirtain-totl:^' 
Agaric>Mineral,  and  Bfown*8caly-Iron-Ore. 

2.  Light — are  all  fossils  whose  specific  gravity 
(taking  that  of  w^ter  at  1.000  parts)  varies  between 
1 .000  and  2.000,  of  such  parts.  To  this  and  the 
foregoing  degree  all  inflammable  fossils  belong.  IJghi? 
are«-Amber,  Mineral- Pitch,  Pit^oal,  Jet,  Natural 
Sulphur,  Bole  from  Striegau,  Opal,  Eartby^obalt- 
Ores,  and  many  others. 

3.  Rather  heavy — are  those  fosBils  whose  specific 
gravity  varies  between  2.000 — and-p— 4.000  of  such 
p£irts. — This  degree  of  specific  gravity  is  ia  partly 
cular  appropriate  to  qiost  kinds  of  stones*  Wq 
have  rather  heavff^ — Amianthus,  Specular  Gypsnm, 
Marie,  Serpentine,  Flint,  Cats-eyci  Aga^e,  C<Hrne<^ 
lian.  Quartz,  Rockcrystal,  Marble^  Steatites,  CaI-» 
careous-Spar,  TaliC,  Mica,  Lithomarga,  Trap,  La^ 
pis-lazuli.  Basalt,  Fhior,  Orpioient,  Diamond,  Tqpaz,, 
Malaobite,  Sparry  Iron -Ore,  and  still  many  others. 

4.  Heavy — ^are  those  fossils  whose  specific  grayity> 
in  comparison  with  that  of  water,  varies  from*— 4.00Q 
— to — 6.000  parts.  This  degree  of  specific  gravity 
occurs  chiefly  among  Ores.  We  have  A^aty-*— Grey- 
Copper-Ore,  Yellow  Blende,  Copper-Pyrites,  Mar- 
tial-Pyrites, Grey-Ore  of  Manganese^  Baroselenite, 
Red-Hoematites,  lead-grey  Vitreous-Copper-Ore,  In- 
durated Earthy-Lead- Ore,  Red-Copper-Ore,  Red- 
Silver-Ore,  Red-Lead-Ore,  Arsenical-Pyrites,  Green- 
Lead-Ore,  White-Lead-Ore,  and  several  others. 

5.  Extremely  heavy — ^areall  fossils,  whose  specific 

all 
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gratity  esceedi-^e.QQO-^parta.  Here  beli>ng^  in  par- 
ticular all  NativQ-Metals.  This  and  the  f<KinQi:  degree 
are  frequently  comprehended  under  the  nacae  of  the 
metallic  weight.  JExiremebt/  ha0pjf  are— most  White- 
Cobalt*Ores,  Salphurated*Bi«miith,  Sulpburatec)- 
Nickel,  Tinstone  Crystals,  Wolfram,  Vitreous- 
Silveri-Ore,  Galena,  Native-Iron,  Native^Copper^ 
Gnnabar,  Native-Bismuth,  Native-Silver,  Native- 
Quicksilver,  Native-Gold,  and  soo^e  others^  « 

§.  254. 

lu  determining  therefore  the  specific  gravity  of  a 
fofsil  in  its  External  Description  we  need  only  men- 
tion the  degree  to  which  it  belongs;  but  if  it  is, to 
be  if^dered  st^l  more  exact,  its  relation  in  this  re- 
spect  to  another  fossil  of  the  same  degree  may  also 
be  determined,  as  e.  g.  Green- Lead-Ore  is  heavy j 
and  heavier  than  VitreQus-Copper-Ore,  and  lighter 
than  Yitreous-Silver-Ore*  This  is  sufficient  to  dis- 
ting^jish  any  fossil^  whielji  may  occur  with  respect 
to  its  weight.  If  however  an  accurate  determination 
of  the  specific  gravity  shall  be  thought  neoessajry,  it 
may  still  be  accomplished  by  following  the  method 
fuentioned  ip  §  250. 


VI.    THE  SMELL. 

.    §.  255. 

Is  the  sixth  common  generic  character  of  fossils, 

and  although  of  little  importance  as  a  general  cha- 

**•—     *•  ractcr, 
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racter,  scarcdy  occurring  even  in  1 2  species  of  fpfrr 


silsy  18  yet  very  esBential  a^  being  characteristic  of 
those  fossils.  , 

The  smeli  is  observed— either, 

!•  Of  itself  y  without  any  addition,  in  which  case 

It  IS 

a.  Bituminous,  as  Mineral-Pitch,  Petrol/ Naphthi^ 

b.  Slightly  sulphureous,   as  in  Natural-Sulphur, 
Grey^Antimonial-Ore— or 

c.  Bitterish,  as  in  Ochre  which  has  been  kept 
inclosed  a  considerable  ^ime. 

d.  Cl({tfejf,  as  Yellow-Cbalk. 

2.  jifter  breathing  on  a  fossil,  for  which  a  fossil 
should  be  cold,  and  breathed  upon  strongly  an4  ' 
quickly.  Hornblende,  Sbistose-Homblende,  and  some 
Sienites,  when  breathed  upon,  smell  dayeyMtter^ 

3-  jifter  rubbing  or  striking,  as, 

a.  Urinous,  in  Swinestone  after  rubbing* 

b.  Sulphureous,  in  Pyrites, 

c.  Garlic,  Arsenical-Pyrit^,  and  White-Cobalts 
Pre. 

d.  Empyrematic,  Pitcoal,  Quarts. 


VIL    THE  TASTE, 

§.  256. 

This  is  the  seventh  and  last  common  generic  cha^ 
racter  of  fossils.  It  is  piiouliar  to  one  class  qf  fossils 
on]y«»-SaIts.    It  is 

1^.  Sweetisk* 


\ 
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a.  Sweetish-saline  J  as  the  taste  of  Rock-Sait. 

b.  Sweetish^astringenty  as  Natural- Allum. 

c.  Scurishrostrivgentj  ^  Native-Vitriol. 
4.  Bitter^aline^  Nati;ral-£psoin>S»lt» 

e.  Cooltng-^aiine,  Natural-Nitre* 

f.  Lixivunis,  Natural-Alkali. 

g.  Urinous^  Natural-Sal-Ammoniac, 

The  different  kinds  of  taste,  as  also  of  smell, 
jAo  not  iirell  admit  of  description,  and  tbey  can 
acarcely  be  learned  otbierwise  than  by  experiment. 
Moreover,  caution  is  necessary  in  e^samining  the 
taste  of  such  fossils  as  might  prove  injurious  to 
J^iealth,.  as  all  merpurial,  coppery,  leady,  and  ar- 
fossils.  / 

Conclusion  of  the  Chaptef* 

y  257. 

Thfise  sure  the  External  Characters  necessary  for 
the  distinction  of  fossils.  In  the  specific  characters^ 
and  in  the  varieties ^  some  future  additions  may  pos* 
sibly  be  found  necessary ;  but  the  generic  characters 
are  complete.  A  description  ipay  also  possibly  occur 
which  is  qot  sufficiently  clear ;  this  deficiency,  how- 
ever is  fully  supplied  by  the  examples  which  are 
fidduced. 

As  a  perfect  knowledge  of  these  External  CharaoF 

*  ters   (which  in  fact  comprehends  much  more  than 

many  Mineralogists  are  willing  to  allow)  cannot  be 

quired  otherwise  than  by  attentive  observation  and 

continued 
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Gontinaed  practice;  it  would  be  very  useful  and 
tend  much  to  their  illustration,  if  Mineralogists 
xiFouldjp  with  a  view  to  the  cultivation  of  this  know- 
ledge,  form  a  collection  of  fossils  to  be  arranged 
according  to  this  system  of  External  Characters;* 
in  so  doing  the  examples  adduced  of  the  specific 
characters,  and  of  the  varieties,  would  serve,  in  a 
Tnanner,  as  a  Catalogue.  In  this  case  not  only  thi$ 
different  specific  characters  of  each  generic  charac- 
ter, with  the  difierent  varieties  of  the  former,  might 
be  immediately  compared  in  the  fossils  themselves, 
in  order  to  observe  their  distinctions ;  but  also  se« 
Teral  fossils  of  each  specific  character  or  variety 
might  be  compared  with  each  other  in  particular, 
in  order  to  obtain  perfect  conceptions  of  them» 

*  This  has  been  accomplished  in  the  Leskean  Cabinet  of  Fos* 
Ills  (now  in  the  possession  of  the  Dnblin  Society),  in  that  of 
Fabst  von  Ohain,  and  in  those  of  most  Minentlogical  Schools 
^oimed  on  the  plan  of  the  Werncrian,   Tk« 


CHAP. 


CHAP.  V. 


OJ  the  External  J)esci'iptions  of  fossSt, 

§.  258« 

JljLN  External  Descriptipn  of  a  fossil  is  nothinjp 
more  than  the  expression  bj  iprords  of  the  £xter*» 
nal  Conception  which  we  have  of  a  fossil. 

If  the  External  Conception  be  cotnpUte^  and  tit^ 
teUigiblif  expressed  in  the  proper  order ^  the  des- 
cription will  be  perfficU 

Hence,  the  perfection,  di  the  External  Descrip* 
iions  depends  in  the  pbservance  of  the  following 
ibre^  general  rules. 

First  oekbral  rule* 

§.  259. 

JSoery  Extenud  Deseriptian  cf  a  fossil*  skoeU 
inchuk  ail  the  E;ctemdl  Characters  discomrabU 
in  it ;  and  these  occur atehf  defned^ 

« 

To  follow  this  rule  it  is  necessary  to  know  how 
many  External  Characters  can  be  discovered  in  a 

fossil; 

*  In  speaking  senetallj  of  afittUwe  sdwayt  nndoitand  a  ipeciii. 
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fossil;  and  with  what  degree  of  accuracy  each 
may  be  defined.  The  former  may  be  known  by 
referring  to  the  1st  Table  of  the  annexed  system 
of  External  Characters,  which  contains  all  the  ge« 
neric  characters;  and  the  latter  may  be  learned 
by  consulting  the  particular  definiuon  of  each  ge« 
neric  character  as  contained  in  the  greceding  chap* 
ter,  in  which  may  be  found  whatever  respects  their 
definition. 

It  is  hence  that  the  External  Descriptions  derive 
theii:  poippleteiiess  and  accuracy;  without  whic)i 
tbey  would  be  totally,  useless; 

Second  general  rule. 

The  External  Characters  appertaining  to  an  Ex^ 
ternal  Description  should  foU^m  each  otlur  in 
systematic  order ;   i.  e.  in  their  natural  order* 

It  is  therefore  acting  contrary  to  this  principle 
when  some  of  the  External  Characters  which  con- 
stitute the  External  Conception  of  a  fossil  are  in- 
troduced in  the  genus,  3ome  in  the  species,  and 
others  in  the  varieties;  as  also  when  they  are  not 
arranged  in  the  proper  order,  so  that  characters 
which  immediately  strike  the  senses  are  placed  in 
the  middle,  or  even  at  the  latter  end  of  the  Des^ 
cription. 

The  following  advantages  arise  from  the  observ- 
ance of  this  rule :  1st.  such  9  description  is  surveyed 

at 
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at  one  glancd,  so  that  no  External  Character  passes 
unobserved,  which  otherwise  easily  happens.  2dly« 
the  External  Conception,  derived  from  the  Des- 
cription, is  connected^  3dly«  this  External  Con- 
ception will  coincide  with  that  acquired  from  the 
consideration  of  the  fossil  itself.  4thly,  It  becomes 
more  easy  to  retain  the  External  Descriptions  in 
the  memory. 

In  every  External  Description,  however,  it  is  ne- 
cessary to  keep  the  system  of  External  Characters 
in  view,  and  to  regulate  the  description  accord- 
ingly. 

Third  general  Rule. 

$.  261. 

Every  External  Character  should  be  suitably  txpreu 
sed  in  the  description  by  an  appropriate  and  de^ 
terminate  denomination. 

• 

Upon  the  due  observance  of  this  rule  depends  the 
intelligibility  of  the  External  Descriptions.  Here, 
however,  those  denominations  may  be  employed 
which  are  exhibited  in  the  System  of  External  Cha- 
racters, in  which  I  have  universally  adopted  such 
as  are  the  most  usual  and  the  best  adapted  to  the 
subject. 

§.  262. 

In  order  to  contract  the  External  Descriptions,' 
thoso  External  Characters  may  be  omitted  which 

are 
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arc  negative  in  the  greater  number  of  fossilsi  sack 
as  the/on»  of  the  distinct  concretions ^  the  trans^' 
parencyy  the  stain,  the  streak f  the  JkxtbiUty,  the 
adhesion  to  the  tongue,  the  sound,  the  unctuosity, 
the  jm^//,  and  the  /tf^/^.  These  may  be  omit- 
ted in  the  description  of  fossils  when  only  ne« 
gative. 

§.  263. 

m 

It  is  also  useful  ih  an  External  Description  of  a 
fossil  to  print  its  principal  characters  larger^  in 
order  to  excite  the  particular  attention  of  the  reader. 
Principal  Characters  are  those  by  which  a  fossil 
is  distinguished  from  others  to  which  it  bears  the 
greatest  resemblance,  as.  e.  g*  in  Grey-Silver-Ore^ 
the  colour,  the  lustre,  the  fracture,  and  the  hard- 
ness;  in  Specular-Iron-Ore,  the  colour  the  streak, 
the  hardness ;  in  Tinstone  crystals,  the  streak,  the 
hardness  J  the  weight ;  in  Martial-Pyrites,  the  colour, 
and  hardness ;  in  Flint,  the  lustre,  fracture,  and 
transparency ;  \n  Molybdsena  the  colour,  fracture, 
stain,  and  unctuosity ;  in  Swine*stone,  the  colour, 
and  smell;  in  Baroselenite^  the  hardness,  and 
veight. 

§.  264. 

I  now  proceed  to  give  some  examples  which  will 
tend  to  illustrate  what  I  have  said  respecting  the 
construction  of  External  Descriptions. 

Grey* 
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Grey 'Copper-Ore^ 

ts  usually  of  a  steel-^rey-colout,  sometimes  darker, 
sometimes  lighter,  frequently  approaching  to  iron« 
blacky  sometimes  also  more*  or  less  to  lead-grey. 
It  seldom  occurs  variegated  on  the  surface,  but  then 
either  pavonine,  of  steel-coloured-tarnished. 

It  is  found  massive,  interspersed,  sometimes  super- 
ficial, or  specular ;  frequently  also  crystallized-— 

1.  In  regular  tetrahedra,  or  equi-angular  simple 
trihedral  pyramids,  which  occur, 

'  a.  Perfect  (rarely);  or  modified,  as— 

b.  With  truncated  angles, 

c.  With  truncated  edges, 

d.  With  bevelled  edges;  sometimes  slightly,  some- 
times  so  deeply,  that  the  bevilling  planes  conjoin^ 
and  the  primary  planes  disappear:  presenting  the 
appearance  of  tetahedra,  with  each  plane  sur« 
mounted  by  a  very  obtuse  trihedral  pyramid — 

e.  With  the  angles  accuminated  by  three  planes^ 
'which  are  set  on  the  lateral  planes,  or  on  the  lateral 
edges;  and, 

f.  Besides  this  accumination  also  with  the  edges 
truncated ;  or — 

g.  (Which  is  usually  the  case,)  with  the  edges  be-. 
TeUed,  and — 

h.  These  again— sometimes  truncated,  as  well  also 
as  the  ^mmits  of  accumination**-* 

2.  In  triagonal  tables,  with  the  extreme  planes 

bevelled. 

3.  In 
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.  3.  In  hexahedral  prisms,  with  the  extreme  planes 
bevelled,  the  bevelling  planes  being  set  on  the  la« 
teral  planes. 

The  crystals  are  usually  small,  or  very  small^ 
sometimes  also  minute,  rarely  of  a  middling  size, 
and  possess  a  smooth,  sometimes  also  a  slightly  streak^ 
ed  surface,  the  lustre  of  which  varies  from  specular- 
ly resplendent  to  weakly-shining. 

Internally  it  is  commonly  weakly-shining,  or  shin- 
ing only,  seldom  attaining  the  two  extreme  degrees 
of  lustre. 

The  lustre  is  always  metallic. 

Its  fracture  is  usually  uneven  of  a  coarse  or  small» 
sometimes  also  of  a  fine  grain,  but  passes  on  the 
one  hand,  into  imperfect  and  and  small  conchoi- 
dal,  and  on  the  other,  into  even,  according  to  the 
relative  intensity  of  the  lustre,  which  is  strongest 
in  conchoidal  and  weakest  in  even. 

It  breaks  into  indeterminately-angular,  mode- 
rsctely  sharp-edged,  fragments. 

Yields  a  black-streak,  sometimes  verging  on 
brownish. 

Is  half  hard. 

Brittle, 

Easily  frangible;  and 

Heavy — specific  gravity  4,8648.    Haiiy. 


Varieties. 
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FarkHes: 

•■• 

Of  a  Bteel^gr^y  coloiur,   fpprc^Qhiog  0  lef4* 

Masdve, 

Jn  small  triheclral  pyramidftl  <aryirtab.  , 
Of  a  steel-grey  colour^  internally  wMkly^biotng;} 
Miieven  fri^otute^  Mud  of  »  cqmw  .gwin  i   ttrenk^ 

Maasiye. 

Of  a  firt;eol-gv0^  colour;  internally  gUnnnriiig; 
even  fracture;  dark  reddish-brown  streak. 
.  Hassivfi, 

Green-Lead'Ore. 

Most  uBu^  dolour  iolive-green,  pairtly  lights  iHWttf 
dark ;  piling  on  ihe  one  Jbftnd,  tbroqgb  grafib 
mmrM,  Mk^  i^at^ohie,  a^panigujB,  and  is^n^y^ 
ipcew^  iiito.4tt}phHr»  pad  bpn^yf^ow,  ao4  frpW 
this  into  brown ;  and,  on  the  other,  through  gs§9Q^ 
ish,  jai»d  y^yfifitk^Tey,  mo  igce^ftifik^  y«ll§W¥ib, 

Several  of  these  colours  are  frequently  found/to^ 
ge^r  iff.  tt^  sapoe  ^{le^neQ. 

Seldom  occurs  massive^  iK  iiite^p^^rtvsdy  iHiU  mprf 
rarely  cellular,  botriform,  or.jfwifoan;  jngi$t  Jre- 
QHsntly  cryi»tl4)iaed^  ' 

J*  jigpi  Prnhmmd^.    i^3ifiA»d»l  prMmi;  be»Qgi 
.!.  «  a.  Perfect ; 
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a.  Perfeet;   or 
.    b.  Hollowed  at  the  extremity ;  or 

c.  With  all  the  edges  truncated;  or 

d.  With  only  the  extreme  edges  truncd(ed---'tkin 
cry !rt:a]  might  also  be  described  as  an  hexahedral 
prism,  acuminated  by  six  planes,  with  the  sammits- 
deeply   truncated — 

e.  Acuminated  by  six  planes^  which  are  set  on 
the  lateral  planes. 

f  .  With  the  lateral  planes  converging  toward  one 
extremity y  hence  forming  the  transition^  into  the 
following  crystallization: 

*  2.  In  perfect  acute  hexahedral  pyramids-i^(very- 
rare).      ....  ... 

The  crystals  are  in  general  only  small,  rei^y 
small,  or  minute ;  rarely  of  a  middling  size,  and 
occur  partly  single,  partly  aggregated,  being  ad- 
herent to,  or  implicated,  in  each  other,  or  form- 
ing pyramidal,  seopiform,  aggregations,  jtc.  '  The 
Tery  ismall  and  minute  crystals  Commonly  form  a 
4rusy  overcast  on  other  fossils,^  resembling  m^ss  or 
sattin.  .;...! 

t'  The  su)rfa^e  of  ttie  otvstals  is  smooth  and  com- 

monly  shining,  sometimes  also   cHily  f^eakiy-shin« 
ing,  ^  ...  t   I ;  .   •  • 

Internally  it  is  weakly-shining,  soilnetitaies  onlj 
Slimmeritig,  and  in  general 
-   Of  a  gr6asy  lustife.'  ^    .  .  > 

Fracture  always  compact,  being  int^iirmedi&te  be^ 

tw^en  uneven' X)f'a^  ^he  g^rai/i- and  -small  or*fine 

'•    \  -  *  >*  splintery. 
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splintery,  sometimes  also  approaching  a  little  to  con* 
cboidal. 

Fragments  indeterminately  angular,  moderately 
sharp-edged* 

It  18  generally  more  or  less  trandacent,  soikie* 

» 

times  also  only  translucent  at  the  edges ;  very  rarely 
semi-transparent,  and  only  in  cryitak. 
Yields  a  greenish-white  streak. 
Is  soft, 

Brittle,  \ 

Very  easily  frangible,  and  > 

Heavy,  passing  into  extremely  heavy,  being  hea- 
vier than  Vitreoos^Hopper-Ore^  and  lighter,  than 
Vitreous-Silver-Ore. 


gravity. 

d,270— Klaprothy 
6,593 — Gellertj 
6,909  to  6,9411— Ha&y. 

VarieHes. 

Massive,  internally  glimmering,  very  weakly 
translucent  at  the  edges; 

Olive-green, 

Canary-green.   * 

la  hexahedral  prismatic  crystals,  externally  shin* 
log,  internally  weakly-shining,  translucent. 

1 .  In  crystals  of  a  middling  size,  frequendy  idso 
small,  and  moreover  bodi  adherent  to,  and  impli- 
cated one  in  another, 

a  2  Olivo- 


Canary-green. 

2«  Ilk  small  j  generally  very  snaaU^  and  ratber  thick 
crystals^  forming  loose  pyramidal  clusters.     .  ,..,  : 
- 1  r01tv^4gi»eA^  vergUig  ^  Jitde  on  reddish.        ^^ 
.  5«  In  sBi^U,  ^  tafBetiKne^  very  8mall>   and  ratbo; 
thick  crystals,   which  f  Are  foqi)d  either  .heaped  ;pne 
upon  another,  or  Iboae. 

Olive- green, 

Sulphur-yellow,  inclining  a  little  to  olive^grcen, 

4.  In  minute  cryst4l%  resecpUMV  oioss. 

jSilphnt^ylellQW,  ioctioing.  a  Ktde -to  clive-f^otK' 

Bed  Lead-Ore. 

Is  partly  of  an  aurora-r^d,^  partly  of  a  hyacinth- 
red  colour. 

Very    seldom  .  o<:Gurs  m^sslvej.  sometimes  inter- 

spersed,    or  superficial ;    most   commonly   cry8tal«- 

lized —  •'  »^ 

.   }.  In  broad,  oblique  apded,  tetrahedral  prisms: 

heme:  , 

a.  Perfect ;  or  ' 

f' 
h.  The  extreme  planes  are  obliquely  applied  ;  or 

•  •  •   *  ,  • 

^c.  The  latpipal  edges  are  truncated  \  or 
d,  Th^  .pxU-eme  planes  are .  bevelled. 
2.  la  low  hejiabedral   prisms,  with   two   broad, 

an^jlp^r  narrower,  lateral  plapes;  or  witji  two.oar^ 

row,  and  four  broader. 

"'-^  .  The 
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TJie  t:rj8tala  loo  fouild  from  a  minuOo  to  a  mid- 
size, .but  rarely  perfectly  distiDct. 

Tbe  lateral  planes  of  the  crystals  are  longitudi* 
nally  slightly  streaked. 

Extero^iy  it  is  shining,  or  resplendent^ 

fntemaUy,  for  the  most  part  weakly-shining,  and 

Of  a  common  lustre. 

Fracture  uneFen,  of  a  small  or  fine  grain,  some- 
times passing  into  small  conchoidal ;  sometimH 
also,  appeaAng  to  possess  a  concealed-foliated  fvac- 
tQse. 

Fragments  indeterminately  aogular,  rather  Uuat 
edge— • 

In  crystals,  sometimes  semi-transparent,  odier* 
wise  only  translucent. 

Yields  a  clear  lemoiwyeUow  streak,  verging  ckMlf 
Oft  orange-yeUow, 

Is  very  soft,  yet  rather  approaching  to  iK>ft^ 

Brittle, 
'    Very  easily  frangible,  and 

Jieayy,  bordering  on  extremely  heitvy. 

Specific  gravity, 

5,750  — Bindheim, 
6,026  — Bkimenbach, 
6,0269 — ^BrissoB. 

Mica^  or  Muscovy-Glass, 

Its  most  nsual  colbor  is  grey,  as  yellowish^  gfie^n- 
ish,    smoke,   ot  ashes*grey«      The  yettowisb-^gr^y 

passes. 
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IMLsses,  (sartTj  into  silver-white,  psitly  into  tonibftc^ 
or  blackish^brown,  as  also  into  Copper,  or  brown« 
ish-redy  and  even  into  brownisfa^black ;  the  green- 
ish-grey passes  through  mountain^  and  blackish* 
green,  into  greenish-black ;  and  the  ashes-grey,  into 
greyish>b1ack.  Black  Mica  has  this  peculiarity  that 
lii'beD  held  up  to  the  light  in  single  folia,  it  ap- 
pears clove-brown.  Some  of  these  cbloars  are  at 
times  found  spotted* 

Found  massive  and  interspersed  j  also  in  thip 
layers  or  plates  alternating  with  other  stones,  as  e^  g. 
with  Quartz  (in  Gneiss,  Micaceous  shistas,  &c.) 
superficial ;  and  not  uncommonly  crystallized— 

1 .  In  perfect  equiangular  hexagonal  tables^  which 
sometimes  adhere  to  each  other  by  their  extreme 
planes,  sometimes  by  their  lateral  planes* 

The  tables  are  sometimes  thick,  ^^nd  then  form 
the  transition  into, 

2.  Perfect,  hexahedral  prisms.  These  sometimes 
appear  aggregated  by  their  lateral  planes  round  a 
common  axis,  forming  a  kind  of  cylindrical  aggre- 
gation  with  a  conical  summit. 

The  lateral  planes  olP  the  crystals  are  smooth,  and 
resplendent-^ 
Internally  It  is  resplendimt,  or  shining. 
Possesses  almost  every  kind  of  lustre,  even  the 
metallic. 

Fracture  most  commonly  foliated,  with  a  simgle 

passage  of  the  folia,  and  generally  curved^  some- 

*  times    undularly   curved ;    seldom    broad-striated, 

and 


Description  if  Fossils.  285 

afid  then. partly  parallel,  partly  scopifona  or  stelli- 
form-diFerging.  The  internal  surface  of  broad-? 
striated  Mica  is  plumifonnly  streaked. 

Fragments  tabular. 

Massive  Mica  consists  of  granular  distinct  con- 
cretions,  of  every  degree  of  magnitude  ;  sometimes 
^so  it  evinces  a  disposition  to  the  columnar. 

In  massive  specimens  weakly  translucent  at  the 
edges,  but  in  thin  tables  semi-transparent  or  trans- 
parent. 

it  is  soft,  yet  nearly  approaching  to  half-hard. 

Rather  brittle," 

In  ^enend  very  easily  frangible. 

In  thin  tables  elastic  flexible. 

Feels  smooth,  yet  meagre,  and 

Without  coldness,  and 

Is  rather  heavy,  yet  approaching  to  light. 
Specific  gravity 

2,6546  to  2,9352 — ^Brisson— 

t 
I 

'  Common  Talc. 

Colour  most  usually  greenish-white,  also  pala 
apple-green,  both  closely  verging  on  silver*white ; 
more  rarely  asparagus,  or  leek^green,  reddish-white, 
or  yellow. 

Found  massive  and  interspersed  ;  seldbm  in  crys« 
tals^  wUch  apparently  are  very  small  hexagonal 
tables  indistinctly  aggregated^  and  forming  druieOf 

Iqternally  sbiniag,  and  almoit  reRplendent. 

Of 
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Of  a  p^tcl  tfiather-of-pearl  It4str6,  toftietimes 
apprb^ching  to  metallic. 

Fracture  foliated,  with  a  single  piisSage  of  ttie 
folia,  straight  or  curved,  frequently  undulai*ly-. 
cilrv^d  ;  ^ortifetimes  sfeemihg  to  approach  to  slaty. 

Fragttienti  tabular. 

It  is  Commonly  without  distinct  concretioris,  but 
sometimes  consists  of  the  granular,  of  every  dfegree 
of  magnitude ;  t  very  rare  variety  is  that  composed 
of  the  long  and  curved  columnar. 

Varies  from  translucent  to  senii-transparent,  atld 
in  thin  tables  is  transparent. 

Is  very  ^oft,  and  softer  than  specular  gypsum. 

Sectile,  ' 

Easily  frangible, 

In  thin  tables  common  flexible. 

Feels  very  greasy,  and 

Rather  cold,  and 

Is  rather  heavy,  being  heavier  than  Flint,  and 
lighter  than  Fluor. 

Specific  gravity 
2,7  to  2,8 — Kirwan 
2.729 ^^Chaptal. 

Spettiar  Gypsum. 

Is  commonly  fouifd  white,  as  snow,  yellowisfa,  or 

greyt&h*wbitie.;  sometimes  yeUowiah,  ashes,  or  sngkb* 

grey  ;  as  also  honey-yeUow,  sometime^  partly  {Mft-f 

sing  into  brown.; .  SiUota  bhews  »n  itidescent  ptay 

ML  colour* 

Generally 
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Gefterally  occurs  ntassive ;  frequently  also  Crys- 
tallized. 

'  1 .  In  nearly  eqni-angular  hexcedral  prisms,  witli 
two  opposite  broad  and  four  narrow  lateral  planes  i 
both  extreme  planes  bevelled,  and  the  beveUiag 
]^aiies  obliquely  set  on  the  broad  lateral  planes^ 
yet  those  of  the  one  bevelling  parallel  to  those  of 
the  other.  This  crystal  has  on  the  whole  a  rbom^ 
boidal  appearance.  Instead  of  bevelled,  it  some* 
times  seems  acuminated  by  four  planes,  set  on  the 
lateral  edges, 

2.  In  the  same  prisms,  but  in  which  two  ana 
two  crystals  are  aggregated  by  the  two  narrow 
lateral  planes,  hence  producing  twin-crystals,  and 
forming  at  the  one  extremity  a  salient,  and  at  the 
other  a  re-entering,  angle. 

3.  In  the  same  twin-crystals,  but  in  whieh  the 
bevelling  planes  of  each  prism  being  set,  not  pa^ 
rallel  to  each  othfer  but  diverging,  on  the  lateral 
planes,  re-entering  angles  are  formed  at  both  ex^ 
tremities. 

4.  In  lenticular  crystals,  which  are  partly  sphe- 
rical, partly  conical,  and  generally  adhere  to  each 
other  by  their  lateral  planes,  hence  forming  a  kind 
of  twin*crystals. 

The  crystals  No.  I.  are  sometimes  found  in  dtel« 
liform  and  scopiform  aggregations,  and  occur  of 
almost  ovary  degree  of  magnitude,  from  an  uncom- 
mon to  a  yery  soMdl  sise,  tbo  fanaar  homver  .are 
very  rare. 

In 
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In  the  prisms .  the  two  and  two  opposite  lateral 
planed,  which  form  the  more  acute  lateral  edges,  are 
longitudinally  streaked ;  the  remainder  smooth. 

The  surface  of  the  crystals  is  partly  resplendent, 
partly  weakly-shining. 

Internally  it  is  specularly-resplendent,  in  some 
places  also  shining,  and  in  general 

Of  a  common  lustre,  chiefly  glassy,  seldomer 
mother-of-pearl. 

Fracture  partly  straight,  partly  curved,  foliated ; 
pf  one  perfect  and  two  imperfect  passages  of  the 
folia.  The  latter  intersect  each  other  oblique-an- 
gularly, and  the  former  rectangularly. 

Hence  rhomboidal  fragments  arise,  specular  on 
two  sides,  but  streaked  on  the  remainder. 

Massive  Specular  Gypsum  commonly  consists  of 
^rosa  and  coarse  granular  distinct  concretions^ 
^sometimes  also  of  imperfect  thick  columnar,  or 
lamellar. 

It  is  always  transparent, 
-  Very  soft. 
Bather  Sectile, 
Jtather  easily  frangible, 
In  thin  tables  slightly  common  flexible,  and 
Rings  a  little, 
Feels .  meagre,  and 

Rather  cold,  yet  less  so  than  Talc,  and 
Isl  rather,  beavy^  bordering  on  light  < 

Specifit 
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Specific  gravity^ 

2,311 — Kirwan, 
2,322— Muscheobvoek, 
2,324-— Brisson, 

Ftireous-Silver^Ore.  * 

Cotoar  dark  lead-grey  incliDing  to  black,  tbos 
approaching  to  steel-grey.  On  exposure  to  tjie 
^r  the  surface  becomes  tarnished  black,  sometimes 
also  blue,  and  steel-coloured. 

Commonly  found  massive,  interspersed,  or  sa* 
perficial;  seldomer  in  plates,  dentiform,  filiform^ 
capilliform,  arboriform,  retiform,  coralliform,  in  la- 
minae, with  globular,  cubical,  or  pyramidal  impress 
sions,  heteromorphous,  or  corroded ;  but  frequently 
crystallized— 

1.  In  cubes;  which  occur 

a.  Perfect;  or  modified,  as — 

b.  With  truncated  angles;  sometimes  forming 
crystals  intermediate  between  the  cube  and  octa- 
hedron.        / 

c.  With  truncated  edges;  or 

d.  With  both  angles  or  edges  truncated. 

2.  la 


*For  the  further  lUuttnitioD  of  Mr.  Wemer*»  me^iodi  the 

^  Tfinslator  has  added  the  external  deseripcioiit  of  VUreont-J^hcr* 

Ore,   Vitnoua^Copper-Ore,  Tiattoii^  Coppcr*^jiitCi»  Afaeoical^ 

PTritCfy  and  TinFyritet. 
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2.  In  octabedra,  which  are 

a.  Perfect;  or 

b.  The  angles  are  truncated. 

3.  In  very  obtuse  double  trihedral  pyramids, 
the  lateral  planes  of  the  one  being  set  on  the  late* 
ral  edges  of  the  other. 

4.  In  rectangular  tetrahedral  prisms,  with  the 
extremities  acuminated  by  four  planes. 

$.  In  dodecahedra  with  rhomboidal  planes. 

6.  In  elongate,  broad,  hexahedral  prisms,  with 
the  extremities  bevelled  ;  and  the  angles  of  the 
acute  lateral  edges  truncated.  Sometimes  the  prisms 
are  acuminated  by  four  planes. 

7.  In  short,  thick,  octahedral  prisms,  with  the 
extremities  acuminated. 

The  crystals  seldom  occur  of  a  middling  stze^ 
usually  small,  or  very  small,  sometimes  minute, 
forming  arboriform,  arbustiform,  bud-like,  and  other 
i^gregations ;  sometimes  also  adhering  to,  or  im* 
plicated  in,  each  other.  The  cubes  sometimes  are 
found  hollow,  though  rarely. 

Surface  of  the  crystals  generally  smooth,  some- 
times uneven,  rough,  or  drosy. 

External  lustre  varying  from  shining  to  weakly- 
glimmering. 

Internally,  shining,  or  weakly-shining,  according 
to  the  fracture. 

Of  a  metallic  lustre. 

Fracture  flat  conchoidal,  or  uneven  of  a  small 
griki>  sometiBioa  incliaiBs  to  Milked,  or*  to  even. 

Fragments 


J'jsagmi^ta  liideteapinateljrHangii^^  UiiDt^dgfd. 
It  acquires  9^  stronger  lusljre  firfun  the  atri^al^,  . 
Is  soft,  ,i        > 

Mallci^bley  m  a  gieater  or  less  idegteet 
Cooimon  flexible,,  aq^  ..        ' 

Extremely  beavy* 

■  -•  *      ' 
Specific  gravity, 


*        t 


6,909 — Brisson, 
7,215— Geilert. 


f - 


FitreMS'Capper^Ore. 

•  •  • 

..  ist.  Sub-apwies* 

CompacL 

Colour  dark  lead-grey,  jiocUodng  somewhat  to 
iron*black ;  sometimes  also  more  or  less  light  lead- 
grey,  with  a  slight  ti{;it'of  yellow.  On  the  frac- 
ture it  becomes  tarnished  with  steel-colouris,  par- 
ticularly blue.  '    .'      •  ^ 

Found  usually  massive,    or   interspersed,   some- 
times  superficial,  rarely  crystallized-^* 
i.  tn  cu1)es,  with  convex  planes, 
'2.  In'  perfect  octahedra. 
*d.  In  liex^hedral  prisms;  which  are 

* 

*  a.  Pfetfect ;  or 

.       .   '  ••  • 

b.  Acuminated  by  three  planes,  set  on' the  late-*'^ 
ral  edges. 

The  crystals  are  small,  or  very  small,  and  pos- 
sess a  smooth  and  shining  surface. 

Internally 
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•  '         » 

InternaDy  weaUy-sbining,  or  sfrinmg^  sometimes 

also  only  strongly-g^immering,  and 
Of  a  metallic-lnstrA 

* 

Fracture  compact^  commonly  small  conchoidal; 
or  large  and  flat,  passing  from  uneven  into  even. 
'  Fragments    indeterminately*angular,    moderately 
sharp-^ged. 

Streak  brighter^  almost  resplendent* 

Soft. 

Sectile» 

Bather  easily  frangible,  and 
Heavy. 

Spec.  grav.  4,888  to  5,338  Gillert 
4,  81  to  5,338  HaUy. 

I         »        ♦ 

2d,  Sub-species. 

Foliated 

Colour  nearly  the  same  as  that  of  the  compact, 
but  darker. 

Occurs  only  massive,  interspersed,  or  superficial. 

Internally,  weakly^shining;  passing  into  shining. 

Fracture  foliated,  more  or  less  perfect,  and  straight. 

Fragrments  indeterminately-angular,  blunt-edged. 

Consists  of  small,  or  coarse  granular  distinct  con- 
cretionsy  and  in  the  other  characters  agrees  with  the 
ficit  wb-species^ 


/ 


Tinstone^ 
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/  ... 

Tinstone. 

1st.  Sub-sp^ies. 

Common  Tmstone* 

Colour  variable  from  dark,  or  brownish-black,  to 
blackish,  clove,  reddish,  hair,  or  yellowish-broyin ; 
passing  on  the  one  hand  into  wine-yellow,  and  on  the 
other  through  isabella-yellow,  yellowish,  ashes,  or 
smoke-grey,  into  greyish-white.  Seldom  tarnished 
variegated. 

Frequently  found  massive,  commonl}^  interspersed, 
sometimes  in  angular  pieces  and  grains  (Stream-T]n« 
Ore),  seldom  specular ;  but  often  crystallized. 

1.  In  rectangular  tetrahedral  prisms,  acuminated 
by  four  planes,  set  on  the  lateral  planes.  These 
occur  further  modified-*-as 

a.  With  the  angles,  or  lateral  edges,  or  with  the 
summits  and  edges  of  acumination,  more  or  less 
deeply  truncated. 

b.  With  the  lateral  edges,  or  with  both  the  angles 
and  edges,  bevelled. 

2.  In  rectangular  tetrahedral  prisms,  acuminated 
first  by  eight  pTanes,  and  again  by  four  planes  (rare). 
Two  and  two  planes  of  the  first  acumination  conjoin 
under  a  very  obtuse  angle,  and  are  set  on  one  lateral 
plane;  and  the  planes  of  the  second  acumination 
are  set  on  the  obtuse  edges  of  the  first.  These  crys- 
tals are  sometimes  further  modified'— a^ 

a.  With  the  edges  of  the  second  acumination 
slightly  truncated  (rare). 

3.  In 
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S*  In  rectangolar  tetrahedr^  prisms^  acunuDated 
by  four  planes^  set  on  the  lateral  edges.  These 
occur—  # 

••  With  the  lateral  edges  triiiioaiedy  or  bevelled. 

b.  With  the  lateral  edges^  and  the  edges  of  acu- 
miaatioQ,  bevelled,  and  again  truncated. 

4.  In  obtuse,  double  tetrahedral  pyramids  j  which 


a.  perfect  (rarely) ;  or 

b.  The  edges  of  the  common  base  are  more  or  less 
d^ply  truncated ;  or 

c.  The  edges  of  the  common  base  are  bevelled, 
and  again  truncated ;  or 

.  d.  The  edges  and  angles  of  (he  cpmmoQ  bas^  are 
truncated. 

The  crystals  are  usually  of  a  middlinji^  size  or 
small,  sometimes  very  small  or  minute,  seldom  large, 
and  commonly  compressed,  or  penetrating  each 
other.  Sometimes  two  and  two  crystals  are  aggre<* 
gat^d  by  the  planes  of  acumination,  forming  se* 
entering  angles. 

Surface  of  the  crystals  generally  smooth,  seldpm 
streaked,  sometimes  shining,  sometioies.  specularly-^ 
resplendent^ 
,  Intetnally,  weakly-shining,  or  shining,  and 

Of  a  greasy  lustre,  approaching  to  glassy. 

Fracture  uneven^  of  a  small  or  fine  graiq ;  passing 
on  the  one  hand  into  small  conchoid^l,  ^pid  p{i  tho 

*  * 

other  into  imperfect  foliated. 

Fragments 
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Fragments   indeterminately-angular^    moderately 
eiharp^ged* 

Massive  Tinstone  frequently  consists  of  coarse^  u 
8mal|;^..4ir  fin&  igpianular  distinct  toncretions^  Teiy 
seldom  of  lamieUst.  <>.      * .  •  ^ 

7raii8pareo<v  vifuriaUe^  acranUng  to  the  colour, 
from  semi-transparent  to  opake. 

It  }^eI(l^  a  light-grey  streak. 

Ishard^,, 

Brittle  ,  .; ,  ,.,  .  ., 

£<^ily  Irangibte^' 

Feels  ^old^twA    :t 

Is  extremely  heavy.  i..».  n  » .  ,  .i.  . 

Spec.  grav.  e^MO^i^  Oi^a'Oeit^'    '■ 
6,560  to  6,970  Klaproth 

2d.  Sub-species* 
Fibrous^  or  Wood-Tin'Ort.  ,    .       ,     , 

»  »    •         * 

Colour  hair-brown^daihart^Iqg^K6r,iirdi#'laCter 

case  passing  into  yelkwishygiey  or 'even  isabeUa- 

yellow,  or  into  wood-brown.    Two  or  more  shades 

of  these  colours  occur  sometimes  together,  pei^vading 

the  iisamo  specimen  in   narrow^   curved,   parallel 
stripes^  ,1:1*4*4   o  u***  4-*  <♦  ^i*  ^^c<i.i»  r;j,.i    >»***  1-/.. 

Hitltoytafoiind^  only  i»  angtilar ^riece^,  Miig  sjpi;: """' 
cubur^EtHgmcnlsy  owpe'or'l^ss  rounded*;  seldoin'^h«#;f*^^'^ 
ing  om  one/ov;nioii»'s]de9r«  dispcMritiOnto  ^tiUill  reni- 
form   <herpsabpbtoqfiginal'eatemai  form. 

Smfaco  somewhat  rough. 
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Externally  weakly-sbiningy 

Internally  strongly-glimmering,  and 

or  a  silky  lustre  approaching  to  that  of  the  dia- 

Fracturefibrous,  xlelicate,  straight,  and  sdopiforraly- 

diverging.  .•...•. 

Fragments  indeteroiinately^ngnlary  or  spiicular;  or 
cuneiform. 

It  commonly  consists  of  granular  distinct  concre-^ 
cretions,  which  are  gross  or  coarse,  elongate  and  an- 
gular, with  a  specular  surface  ;  often  also  of  thiti 
lamellar,  which  are  curved  toward  the  6xt^rnal  sur-- 
face,  and  intei*sect  the  granular ;  sometimes  also 
without  distinct  concretions. 

It  acquires  a  bpghter  lustre  from  the  streak,  which 
is  yellowish-grey* ,/ ^      ;  ,.  c      > 

Is  haod,  but  impressible  by  the  file^ 

Brittle,  ....'.  .. ': 

m 

Easily  frangible,  and 
Extremely  heavy.    *   ^  *• "    '  ' 

^P^<<«  gniA%  6,450  Btumenbacfa 

.6,450  Klapretb.  '  :         ' 

Lopper-Py rites ^  or  Yelloxv^Copper-Vre,     ., 

The  peculiar   colour.,  (if  ()om>e|'rFy^tie»^  Ottthc^ 
fresh  fracture,  is  brass-yellow,  cleaner  or  paler,  yet;*  ' 
sometimes  approaching  on  the  oiie  j  h^ndc  tcu  {[oU** 
yelloyr^  and  on  the:pther  to  bell-rpae^lty^kkw^some^ 
times  al^o  verging  more,  or  Jess  on  ^teeltgrey.  ..On 
the  surface  andja^ssures,  \i  is  frequently,  t^rnisbad^": 

.  either  ' 
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either  with  simple  colours— as  brown^  red,  blue  or 

green  ;  or  variegated — as  paTOoiae,  columbine^  or 

> 

steel-coloured. 

It  is  found  massive,  interspersed,  sometimes  super^ 
ficial,  more  seldom  arboriform,  specular,  reniform^ 
botriform,  heteromorphous,  cellular,  or  with  im« 
pressions  ;  but  frequently  crystallized— • 

1.  In  simple  trihedral  pyramids ;  which  occur 

a.  Perfect ;  or —         , 

b.  MTith  all  the  angles  equally  truncated  ;  or  with 
the  angles  of  the  base  slightly,  and  the  summit 
very  deeply,  truncated.  The  latter  pyramids  have 
almost  the  appearance  of  hexi^onal  tables,  and 
occur  either 

«.  Single,  or — 

0»  In  twin  crystals,  two  pyramids  being  attached 
to  each  other  by  their  bases,  so  that  at  the  common 
base  the  planes  of  truncation  form  re-entering,  and 
the  lateral  planes,  »iUent  «,gles. 

c.  Or  obtusely  acuminated  by  three  planes,  and 
with  all  the  edges  slightly  truncated. 

2.  In  double  tetrahedral  pyramids,  occurring  either 
a*  Perfect — the  summits  terminating  in  a  point, 

or  in  an  edge— or 

b.  With  the  edges  truncated. 

The  crystals  are  commonly  smaU,  or  very  small, 
seldom  of  a  middling  size,  and  generally  indistinct. 

The  surface  of  the  crystals  is  sometimes  smooth, 
sometimes  drusy,  and  varying  from  specularly-re* 

R  2  splendent 


23S  Of  the  Exittmtil 


t         ir 


splendent  to  glimmering  ;    that  of  (he  particular, 
external  forms,  commonly  rough  and  glimmeringr 

Internally  varying  from  resplendent  to  j^limmar*^ 
ing,  and 

Of  a  metallic,  lustre. 

■  1      ft  *<     i  I  ,  I 

The  fracture  varies  with  the  lustre  :  commonly    ^ 
uneven,  of  a  coarse,  small,  or  fine  grain,  but  pass- 
ing  on  the  one  hand  into  small,  imperfect,  and  fla^ 
concboidal,  bordering  also  on  foliated  ;  and  on  the 
other,  into  even,  sometimes  approaching  to  large 
concboidal.     The  flat  concboidal  possesses  the  fresh*  . 
est    colour  and  purest    lustre  ;    the  even  is  only  ^  ^ 
glimmering. 

Fragments    indeterminately-angular,    moderately 
sharp-edged. 

It  is  soft,  bordering  on  half  bard, 

Brittle, 

Easily  frangible^  and 

Heavy."^ 

Spec.  grav.  4,160  — Gellm 

4,080  — Kirwau 
4,314  — Brisson 
4,3154— HaUy;  . 

Arsenkal'Pyrites, 

ist.  Sab-species* 

r 

.    Common  ArsenicaUPyriies, 

Colour  silver-whitey  but  commonly  tarnished  grey- 
ish, yelldwlsh,  or  bkieish /verging  on  tin*white,  some- 

lin)«s  silto'ifidescently  variegated. 

Found 


Description  of  Fossils*  23f 

•  •      • 
Found  massive^  interspersed,  and  freqpiently  crys- 

ullize'd — 

1  •  In  oblique-angled  tetrahedral  prisms ;  which  occur 

a.  t^erfect  (rarely) — sometimes  elongated,  form- 
ing  acicular  crystals. 

b.  With  the  extreme  planes  obtusely  bevelled, 
the  bevelling  planes  being  set  on  the  acute  lateral 
edges.  These  crystals  sometimes  possess  cylindri- 
cally-concave,  sometimes  cylindrically-convex  late- 
ral  planes.  Sometimes  the  prisms  are  so  short  that 
the  bevelling  planes  nearly,  or  wholly,  conjoin ; 
forming  in  this  case, 

2.  Very  acute  double  tetrahedral  pyramids. 

3.  In  very  obtuse  double  tetrahedral  pyramids,  with 
four  diagonally  opposite  larger  lateral  planes  and  the 
longer  edges  of  the  comm<Hi  base  deeply  truncated 
(rare.) 

4.  In  lenticular  crystals  (rar6.) 

The  crystals  are  middle-sized  or  small,  sometimes 

also  very  small,  and  always 

■       •      _ ,.       .  •     »••••<,       •• 

Possess  smooth  and   generally  replendent  lateral 

,  *        ',<•  >         -t*  '• 

planes ;    but  the   bevelling   planes  are  commonly 

transversely  streaked. 

.  .  «  ... 

Internally  it  is  usually  shining,  sometimes  weakly- 
shining,  but  always  of  a  perfect  metallic  lustre. 

Fracture  uneven,  of  a  coarse,  or  small,  frequently 
of  a  fine-grain ;  sometimes  also,  though  rarely,  in- 
termediate  between  foliated  and  striated. 

Fragments  indeterminately-angular,  rather  blunt- 
edged. 

Commonly 


/ 
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Commonly  without  distinct  concretions ;  bat  some-* 
times  consisting  of  straight  columnar^  thick  or  thin, 
and  either  parallel,  diverging,  or  promiscuous; 
the  surfaces  of  separation  being  obliquely  streaked, 
and  shining.  It  is  seldom  composed  of  rather  indis- 
tinct small  or  fine  granular  distinct  concretions. 

It  is  hard, 

Brittle, 

Rather  difficulty  frangible. 
Heavy,  passing  into  extremely  heavy,  and 
Gives,  when  struck,  a  garlic  smell. 
Spec.  grav.  5,753  — Gellert. 
6,5223 — Brisson. 

2nd.  Sub-species, 
Argentiferous  Arunkd-Pyrites. 

Colour  intermediate  between  silver,  and  tin-white, 
but  approaching  sometimes  more  to  one  than  the 
other;  and  commonly  tarnished  yellowish,'  and 
more  so  than  Common  Arsenical-Pyrites. 

Occurs  rarely  massive,  generally  interspersed, 
or  in  very  small  acicular  tetrahedral  prisms. 

Externally  it  h  shining. 

Internally  weakly-shining,  and  more  weakly  than 
Common  Arsenical-Pyrites. 

Lustre  metallic. 

Fracture  uneven,  of  a  small  or  fine  grain. 

Fragments  indeterminately  angular,  moderately 
sharp-edged. 

It 
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It  consists  in  part  of  fine  granular  distinct  con- 
cretions and  in  the  other  characters  agrees  with 
Common  Arseqical-Pyrites. 

Tin-Pyrites. 

Colour  steel-grey,  but  always  verging  more  or 
less  on  'brass  or  belUmetal-yellow. 

Occurs  massive  (and  then  generally  mixed  with 
•  Copper-Pyrites,)  or  interspersed. 

Itaternally  it  is  shining,  approaching  to  weakly- 
shining,  and 

Of  a  metallic  lustre. 

^Fracture  uneven,  of  a  cparse,  small,  or  fine  grain ; 
sometimes  also  small  conchoidal ;  in  spots  also  evin- 
cing  a  dis|)osition  to  fdiated. 

Fragments  indeterminately-angular,  rather  blnnt- 
edged. 

It  is  half-hard,  passing  into  soft. 

Brittle, 

Easily  frangible,  and 

Heavy. 

Spec.  grav.  4,350  Klaproth. 

%.  265. 

A  few  words  remain  to  be  said  respecting  th« 
chemical^  physical^  and  empirical  characters.  These 
characters  through  pot  applicable  to  every  fossilyet 
in  particular  cases  render  essential  service.  Hence 
they  may  be  very  properly  noticed  in  Oryctognosy 
aJFtcr  the  External  Description  pf  a  fossil. 

i  266. 
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5.  266. 


y        I 


V     .. 


Among  the  chemical  characten  experiments  wit 

acids  are  the  most  usual^  and  most  easily  and  quickly 

made.    Thus  nitrous  acid  is  employed  to  discover 

wsirlii^ther  a-foasil,  to  which  it  is  appKed;  cffnrteses 

—as  Fibrous  and  Compact  MalaclMte-,  Aaute-Oo|i- 

p^-Ore,  White  and  Black*Lead-Ores»  Eaftby^-L^ad- 

Ores,  CakareousrSpar,  ifjo*    Volatile  alkali  is  em>* 

ployed  ,to  discover  Copper  in  a  fossil  tniriiidi  it 

is  suspected,  by  observing  whether  it  dissolves  the 

fossil  and  is  coloured  bluew      Distilled  vinegar  is 

ififilied^  asi  a.  test  of ;  Leadj  to  a  fossil  in  wkitih  it 

Jft  suspectedi  by  digesting  th4  fossil  in  it  for  a  short 

time,  and  observing,  yet  with  icaution,  vi^hether'it 

Jias  comrnunieated    to  the  acid  a^  sveetisb  taiste, 

which  is  generally  the  case  with  Lead-Ores*  .       '  « 

Some  fossils  also  when  exposed  to  the  heat  of 
fire  are  volatilized,  as  Orpiment,  Natural-Sulphur ; 
others  change  colour,  and 'others  melt  easily,  as 
Grey*Antimonial-Ore,  and  Native-Bismuth.  Cinna- 
bar burns  with  a  brown  flame,  and  ^it-coal,  Bittimi- 
nous-Sbale^  Natural-Sulphur,  and  Mineral-Pitch, 
are  also  combustible. 

§.  267. 

Among  the  physical  characters  one  of  the  most 
eoomon  js  to  rub  a*  fossil  and  observe  =  wbedier  it 
altsacta  light,  sdbstaaeesy)  swfa  as  bits  of  paper  { 

. '  '      f  "-.J  c  '  •.      «.  "    ..;    •         ■   *v(^hich 
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which  takes  place  in  Amber,  Hyacinth,  and  others. 
Farther,  some  Iron-Ores  are  distinguished  by  being 
immediately  attracted  by  the  magnet,  as  Magnetic 
*  Iron-stone,  Magnetic-Pyrites,  Magnetic-Iron-Sand. 
Some  fossils  also  become  phosphorescent  when 
Strongly  rnbbed^^-as  some  Blende ;  or  when  heated 
I  -^as  Fluor,    which  also  (as  maintained  by.  some) 

is  phosphorescent  after  having  lain  exposed  to  the 
sun. 

To  these  characters  also  belongs  the  particular 
property  of  Lemnian  and  Striegau  BoIe»  which, 
when  thrown  into  water,  split  into  pieces  with  a 
crackling  noise — also  the  property  of  some  Opals 
which  when  immersed  in  water  become  more  trans* 
parent.  The  slightest  degree  of  attractability  by 
the  magnet  may  be  observed  by  filing  a  fossil  so 
fine  that  it  shall  swim  on  water,  and  then  ap- 
proaching  it  in  this  situation  with  the  magnet. 

§.  268 . 

Of  the  empirical  characters  one  of  the  most  com« 
mon  is  the  efflorescence  peculiar  to  some  Ores; 
which  in  Copper-Ores  is  green,  or  blue ;  in  Iron- 
Ores,  generally  brown,  yellow,  or  red;  in  Cobalt^ 

« 

peach-blossom-red ;  in  Arsenic,  white. 

Farther,  some  fossils  particularly  associate  to- 
gether, being  generally  found  in  company  with 
each  other  ;  as  Sulphurated«Nickel  with  White- 
Cobalt-Ore ;  Native- Arsenic  with  Orpiment;  Grey* 
Copper-Ore  with  Copper-Pyrites  and  Grey-Silver- 

Ore; 
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Ore;  Purple-Copper-Ore  with  •Copper-Pyrites; 
Grey-Silver-Ore  with  Galena ;  Prasium  with  Acty- 
nolite;  Earthy  Red-Cobalt-Ore  in  the  vicinity  of 
Cobalt ;  Red-Copper-Ore  in  the  vicinity  of  Native- 
Copper,  both  which  fossils  rarely  occur  separate 
from  each  other.  And  White-Cobalt-Ore  is  rarely 
found  without  Nickel,  which  circumstance,  if  at- 
tended  to,  may  prevent  its  being  confounded  with 
Arsenical-Pyrites. 


FINIS. 


SYSTEM 

OF  THE 

EXTERNAL  CHARACTERS 

OF 

FOSSILS. 


TABULAR  ARRANQEMENS 

OF  THE 
OBNBRIC  BSTERNAL  CHARACTERS  OF  FOSSILS. 


Comnimi  generic,  external  characters.  • 

I.  The  Colour. 

II.  The  Cohesion  of  the   particles^    in  relation  to  which 

Fosils  are  distinguished 

into 


^ 

^ 


solid- 


solid 


and  "'• 
and     '   friable 


fluid 


chaxmctcfft 
of  lolid'Fotaili. 


%%  TtIic  extemal Form. 
is  \  Tlie  a^erm|;Smfacc 
{|^  I  Olie  external  Lustre. 


intenud  Lutttc. 

Fracture. 

Form  of  the  Fragments. 


The  Form  of  the  distinct. 


The  Surfisee  of  separatiop^* 
The  Lnstre  of  separation. 

^  (^  The  Transparency. 
The  Stredic 
The  Stain. 


Hardnest. 
%^  I  The  Solidity. 
e|  1  The  Fhmgibility. 
Yi  \  The  FlenbiUty. 
|l  /The  Adhesion  to  the 
•»    ■  Tongue. 


^Thel^gini^ 
^The 


/The  Rustling. 


Ruticular  gc&e^  A-  Particular  $P^ 
characters frffrlibh?-  charwtei^Dftfuiil 


\ 


Fossils. 


The  external  Form. 


Fossils. 
TheettemalForiB. 


The  Lustre. 
The  Appearawffc  pS\ 
the  Fartides. 


TheStiui.  J) 


The  Friabilitf. . 


TheLostft; 

\ 
I 


Thff  iR^^Dsparaicy; 

•  I     ^ 

The  Fhiiditi'. 

-J 

The  ll^tli^  6lrih€ 

\  A 


Renudfdrig  cminum  geMjio)eattr^  ^ 

»      ^  rilL  TheUnctMWty.o,, 

«  «  #  Touch    -J  IV.  The  Coldqess. 

(v.    The  Weight.      ^  ^- "     ^ 

SmeH,o  -   VL  The  Smell. 
O     J  Tastfr      VII.  The  Taste, 


M«         X    Tabuiar  Arrangement  of  the 


Tabular  Arrangement  of  the  several  specific  exter. 

nal  characters  of  Fossils,  disposed  under  their 

respective  generic  characters. 


[\ 


COMMON  GENERIC  EXTERNAL  CHARACTERS. 

(AUgemeine  generische  aussere  kennzeichen.) 

L  THE   COLOUR,    (Farbe).      Here  y,e  have  te 

consider: 

1.  The  several  principal  colours   (hauptferben),'^   ^     | 
vrith  their  rdspective  varieties.  * 

A.  JVhite  (weis;  hs, 

a.  Snow-if  hite  (schneeweis) 

b.  Reddisji-white  (rbthlich^veis)    •  .    :   .i  . 

c.  Yellowish-white  (gelblichweis) 

d.  Silver-white  (silberweis) 
.       c.  Greyish-white  (graiilichweis)  ^ 

f.  Greenist-white  .(guunljchweis) 

g.  Milk-white  (milchweis) 
h/Tin-w^lte  (zinnweis)  ' 

B.<?r^.(grau);  as, 

a.  Lead-gpey  (bleygraa) 

b.  Blueish-grey  (blaulichgrauj 

c.  Pearl-gtey  (perlgrau) 

d.  Reddirfi-grey  (rothlicbgrau) 
c.  Smoke-grey  (rauchgrau) 
fc  Grecnish-grcy  (grunlichgrau) 

g.  Yellowish 


f 

) 


■»  ,. 
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g.  Ydlowish-grey  (gdblichgrau) 
h.  Steel-grey  (staUgrau)  ^   - 

i.  Ashes-grey  (aachgrau) 
C.  Black  (schwarz) ;  as^ 

a.  Greyish-black  (graulichschwarz) 

b.  Brownish-black  (braunlicbschwarz) 
c*  Dark-black  (dunkelschwarz) 

d.  Iroa-black  (eisenschwarz) 

e.  Greeni^-black  (griinlichscbwarz) 

f.  Blueish-black  (blaulichschwarz) 
D.A/u^  (blau);  as, 

a.  Indigo-blue  (indigblau) 

b.  Prussian-blue  (berlinerblati) 

c.  Azure-blue  (lasurblau) 

d.  Videt-blue  (veilchenblau) 

e.  Lavender-blue  (layendelblau)   • 

« 

f.  Smalt-blue  (schmalteblau) 

g.  Sky-blue  (bimmelblau) 
£.  Green  (grUn) ;  as,   . 

a.  Verdigris-green  (spangriin) 
b.'  Celadon-greeh  (seladongrlin) 
€•  Mountain-green  (berggriin) 

d.  Emerald-gre^i  (schmaragdgrun) 

e.  Leek-green  (lauchgriin) 
{.  Apple-green  (apfelgriin) 

g.  Grass-green  (grasgrlin)  , 

ii.  Pistachio-green  (pistaziengnin) 

i.  Asparagus-green  (spargelgrun) 

j.  Olive-green  (olivengriin) . 

k.  Blackish-green  (sch\?arzlicbgrUD) 

1.  Canary 


,'rri'«^i:* 


■.» 


♦  - 1 


4        i  «  >^ 


L  Canary-gpreen  (zeisiggrun) 

F.  Teliow  (gelb) ;  as 

a*  Sulphpr-yellovr  (schwefel 

b.  Lemon-yellow  (zitrongelb) 

c.  GoId-yelloW  'fgoTdgelb) 

d.  BellmetaUyellow  (speisgelbj 
c.  Straw-yellow  (strohgelb) 

f.  Wine-yellow  (weingelb) 
^g.  Isabella-yellow  (isabellgelb^ 
h.  Ochre-y^Uow  (ocl;ergelb) 
i.  Orange-yellow  (oraniengelb) ' 
J.  Honey-yellow  (honiggelfe) 

k.  Wax-yellow  (wachsgelm 

1.  Brass-yellow  (messingelb) 

G.  Red  (roth) ;  as, 

a.  Morning-red  (morgenrotn) 

b.  Hyacinth^red  (hiazintlir6toy 

c.  Brick-red  (ziegelrotb) 

d.  Scarlet-red  (scharh 

e.  Copper-red  (kupFerroth)  ^^ 
t  Blood-red  (blutrot^V"   ' 

g.  Carmine-red  (kar'iiiMy  '"^    ^  ^^ 
h.  Cochineal-red  tKoscnchillroth) 

!•  Crimson-red  (karmoisinroth) 

j.  Columbine-red  (kolomuinrotb) 

k.  Flesh-red  (fleischroth) 

L  Rose-red  (roseHrotn) 

m.  Peach-blossom-red  (pfirsigblutfarotb) 

B.  Cherry-red  (kirschiroth) 

o.  Brownish-re(i^(l>raunIrc(irot6)  * 


•   «       • 


.) 
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» 

H,  Brawn  (braun) ;  as, 

a.  Reddish-brown  (rotfalichbraun) 

b.  Clove-brown  (belkenbraun) 

c.  Hair-brown  (haarbraun) 

d.  Yellowish-brown  (gelblichbraw) 

e.  Tombac-brown  (tombackbrann) 

f.  Wood-brown  (bolzbraun) 

g.  Liver-brown  (leberbrann) 

h.  Blackish-brown  (schwarzlichbrann) 
2.  The  Shade  of  Colonr  (hohe  der  farbe)^  distin« 
guis^  by  the  following  degrees :— ^dark  (dankel) — 
cleiir  (hocb)— light  (lichte)— and  pale  (Uass). 
3.    The  tarnished   colours  (angelanfenen   fignrben). 
They  are  distinguished 

A.  according  to  their  origin  (enslehung)^  being 
found  in  Fossihi^ 

a.  In  the  place,  of  their  formation  (schon  auf  ihrer 
lagerstSttte) ;  or  arising  ^ 

b.  On  every  fresh  fracture  that/b  made  (auf  jedes- 
maligem  frischen  bruche) .;  or  always  occurring 

c.  Qoth  in  the  place  of  their  formation  and  on  the 
firacture  (sowohl  auf  .der  lagerstatte  als  auf  dem 
jedesmaligen  frischen  bruche). 

B.  According  to  the  kind  of  colours  (art  der  far« 
ben),  being  eidier 

1.  Si^nple  (einfach)  as^ 

a.  Grey  (grau) 

b.  Black  (schwarz) 

c.  Brown  (braun) 

d.  Reddish  (rSthlich) 

I  e.  Yellowis'iA 


iS^  Tubtdar  AtrMgemnt  hf  iht 


e.  YeUowisb  (gelbltch)  or, 
2.  Variegated  (btnit)  as^ 

a.  PavoDioe  (pfadenicUweifig) 

b.  Iridescent  (regf  nBogcn-farbig) 

c.  Columbine  ^tsobetAiSbil^) 

d.  Steel  coloured  (stahflEnrblg) 

4.  The  Play  of  Colour  (FarbeAkpef) 

5.  The  mutable  reflettwn  hf  eOowr  {Faiben  wmd- 
lung  ),  wfaicb  occirrB  eitber 

A.  On  the  fturiace  (iuf  dcr  clberfladie)  or 
-  B.  InternftUy  (tnwendig). 

6.  The  Mutation  qf  Colcur  (FarbeniferanderuDf), 
dbtmguisbed  ihto^ 

A.  Fading  of.  Colour  (verschiesien),  and 

B.  Perfect  change  rf  Colour  (tbWge  tentadenin^ 

der  farbe) 

1.  The  delineatums  of  Cobmrs  (FshrbfenaJeichitoig).*- 

The  most  distinct  are, 

A.  Dotted  (Punltirt) 

B.  Spotted  (Gefleckt) 

C.  Nebulous  (Wolkig) 

D.  Flamy  (Geflatnmt) 

£•  Striped  (Gestreift)  being 

a.  .Straight  or  curved  (gerad  oder  krumm) 

b.  Broad  or  linear  (breit  oder  linitofonsig) 

f.  Annular  (Ringformig) 
G.  Dendritic  (Baumformig) 
H.  Ruinous  (Ruinenfdtmig) 
I.  Veiny  (Geadert), 

II.  THK. 
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n.    THE  COHESIO^I  6?  TltE  PARTICLES. 
(Zusamcnenhang  der  theile), 
Accordii^  to  which  Fossils  are  distinguished  into, 

1.  Solid  (feste) 

2.  Friable  (zerreibliche)  or 
3*  Fltdd  (fliissige). 

A  more  acurate  determination  of  the  Cohesion  oc« 
cors  amon^the  particular  generic  characters  of  these 
three  kinds  of  Fossils,  under  the  several  heads  Of 
SoUdiiy,  Friability f  and  Fluidity. 

The  remaining  common  generic  characters  follow 
after  the  exhibition  of  the  particular  generic  cha* 
racters  of  Fomky  and  hence  form  the  conclasion. 

r 

PjULTICU|.AK  GENERIC  EXTERNAL  CHARACTERS 

^espadere-generisclie  aussere  kennzeichen) 
Andl. 

Particular  generic  characters  of  Solid  Fossils. 
(Besondere  generische  kennzeichen  der  festen  Fos« 

silien.) 
1.  THE  EXTERNAL  APPEARANCE  (ausscre  anselien) . 
1.  The  external  Form  (aussere  Gestalt).    We  bayie 
1*  Common  external  forms  (gemeine  aussere  ges« 
talten^,  as 

A.  Massive  (derb) 

B.  Interspersed   or  disseminated   (eingesprengt) 

which  is  distinguished  ioto^ 
a*  Coarsely  (g^ob). 
b»  Finely  (klein),  and 
c.  Minutely  inteispersed  (fein-eingesprengt) 

s  2  C.  In 


t  I 
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C.  In  angular  pieces  (eckigen  stucken)  as 

a.  In  sharp  cornered  (scharfeckigen)  and, 

b.  In  blunt  cornered,  angular  pieces  (stompfec* 

kigen  stiicken) 

D.  In  grains  (kbrnern)  which  differ 

a.  Recording  to  the  size  (grosse)  being 
I              «..  In  gross  (grossen) 

0.  In  large  (groben) 

y.  In  small  (kleinen)  or 

i.  In  minute  grains  (feinen  kornem) 

b.  According  to  the /(?rf»  fecstalt)  being 
»•  Angular  (eckige) 

fi.  Amindated  (rundliche)  or 

y.  Flattened,  grains  (platte  korner) 

c.  Accordingly  as  they  inhere  in  other  fossils ' 

(nach  der  verbindung  n&it  andem  fossi- 

lien)  being 
••  Loose  (lose) 
$.  Partly  *  (halb)or 
y.  Wholly,  inhering  m  other  foamls  (gahz 

eingewachsen) 
£•  In  plates  (platten)  being 

a.  In  thick  (dicken)  or 

b.  In  thin  plates  (dunnen  platten) 

F.  Superficial  (angeflogen)  distinguished  into 

a.  Thick  (dick) 

b.  Thin  (duhn)  and 

c.  Very  thin,  superficial  (zart  angeflogen) 

2.  Particular  exttrnal/omts  (besondere  aussere  ges« 
taken) ;  these  may  be  distributed  into 

A.  £longate4 
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A.  Elongated  (ISngliche)  particular  forms ;  tis, 

a.  ^Dentiform  (zahiiig) 

b.  Filiforoi  (drathformig) 

c.  Capillifocm  (haarTdrmig)  * 

d.  Retiform  (gestrkkt) 

«.  Dendritic  or  arboriform  (baumf  ormig) 

f.  Stalactitiform  (tropfsteinartig) 

g.  Coralliform  (zackig) 

h.  Tubuliferm  (rohrenf  ormig) 

L  Fistuliform  (pfeifenrohrig) 

j.  Frutesceot  or  arbusttform  (staudenfonnig 

k.  Matraciform  (kolbenformig) 

B.  Bffunded  (runde)  pgirticular  forms ;  as^ 

a.  Botriform  (traubig) 

b.  Globular  (kuglich) 

m.  Perfectly  globular  or  orbicular  (in  voll- 

kommenen  kugein) 
fi.  Elliptical  (elliptiscb) 
r*  Amygdaloid  (maodelfdrmig) 
i.  Spheroidal  (spharoidisch) 
I.  Imperfectly  globular  (in  unvdlkcmmienen 
kugein) 

c.  Kidoeyform  or  re&iform  (nierf  ormig) 

d.  Bulbous  or  nodular  (knoUig) 

e.  liquiform  (geflossen) 

C.  Flattened  (platte)  particular  forms ;  as^ 

a.  Specular  (spieglich) 

b.  In  lamine  (in  blattchen) 
c  Pectinated  (gekammt) 

D.  Impressed  Cvertiefte)  particular  forms ;  as, 

a.  Cellular 


! 
\ 


25«  T«  Mar  dnrng^mmt^ifibe 

«.  i$?raii^i/-cellular  (gnarydariBg)  m^ 

1.  Hexahedi^il  (5«ofatMi(ig^  aikI 

2.  Polyhedral,  cdUuI^r  <TieiseikigzdIig) 

9.  ParaUeUround  (gleiohlaM&Rd  jruodzd- 

lig). 

3.  Spongiform  {wdkm^mwSkmii^. 

Z.  Indet<9PmWiate<>i)ouqd{4iQbeitiiiimtnnd- 
zellig). 

4.  Double  .^doppcdtaeUi^  and 

5.  Veioj,  edlular  ^^ng). 

b.  Wiih  impressions  ^ioflvtolBeD) ;  Imog 
a.  With  cubical  <wii«ik)keiii. 
fi.  Witb  pyramidal  -^pi^taipididen}. 
y»  Wkh  oonioal  ^kegelfprmigeii). 
h  With  prismatic  (saolenftiraugeD). 
■•  With  t:\buliur  (tafdlaftigeo)  and 
(«  Widi  glc^olar^   jimpwriippa  (k^glicheA 
eindriickoD]. 
€•  P^4frated  (duroUocfaert), 
d.  Corroded  (zerfressen) 
e*  ffeteroimfnjphms  <uiig68talte|)  Mid 
f.  yesicular  (blasig)   . 
£•  Confused  (verwoniBiie)  paiticiilar  ^<Mni|  as^ 
a.  Ramose  (VslHg) 
3.  Regular  external  form$f  oe  Ch/stMi%0^oni  (r^ 
-gelm&sigp  ^imB/ere  gattakea-oder  Knstal- 
liMtionen).   Hofe^Ri^flMMFeAadelemiiie^ 

A.  74« 
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*A.  The  essential  qudiiy  qfOn/stals  (wesentUcb- 
keit  der  Kristalle),  according  to  which 
they  are  either 
a»  Genuine  (weseodiche)  or, 
b.  Spurious^  crystals  (after-kristalle). 

B.  The  /arm  (gestalt)  which  is  constituted  by 

a.  Planes  (flachen) 

b.  Edges  (Kanten)  and     ' 

c.  Solid  angles  (ecken) 

In  the  form  of  crystals  we  have  to  determine 
«.  The  primary  form  ^rundgestalt) 

L  ^h^  pofrfspt  the  pi^^m^ry  form  (theile  der  grund« 
gestalt) ;  these  4re 

1.  Planes;  a;; 

a.  Later^  p)^?f^  (^i^^P^4f)^)  ^^ 

a.  lateral  edges  (seitenkanten)  ap^ 

n.  The  kinds  (arten)  of  primary  form ;  j^|iich  are, 
1.  The  Icosahedron  (JLkofi^fl^}. 
9.  The  Dodecahedrop  GOod^kifieder}*  ' 
S.  The  Ifembi|dTpn  (JOfiSfSMfir). 

4.  Tim  Bcitm  ;(Sih]to) 

5.  m^  Sjnsamid  .(PidumdeJ. 
M.  The  Wajh  iTsfsHd 

7.  The  Lens  (Linae) 

r 

m.  The 


Lk_|. 
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HL  Tbe  differences  in  each  kind  of  primary  fatm 
(vecschiedenheit  jeder  art  fon  gnind- 
g^talt). 

If.  According  to  smpfkitj/  (einf^^cbheit),  which 
distinction  is,  however,  confined  tp  tbp 
Pyramid,  fLs  occurring  either 

A.  Simple  (einfacb)  or 

B.  D<mble  (doppplt).     In  the  double  Pjr^^ 

mid  we  have  to  observe  the  applicatioq 
of  the  lateral   planes    (aufs^tzung  dor 
^itenilSchen),.  those  of  the  on^  pyramidal 
being  either 
a«  Set  on  the  lateral  planes  of  the  other^ 
f  nd  this 
#.  Directly  (gerad)  qr 
P.  Obliquely  (schief}»  ^ 
b.  On  the  lateral  edges  of  the  other  (auf 
<)ie    seitenkanten    der    an4em    aufge- 
$et2t). 
3.  According  to  position  (stellung)  which  is  pe-> 
^  9uliar  to  the  nmple  pyramid,  as  standing 

either 

A.  Erect  (rechts)  oe 

B.  Inverted  (verkehrt). 

0 

3.  According  to  the  number  of  planes   {zM.  der 
flachen).    Here  we  have  to  observe, 
A*  The  kind  of  planes  (art  der  flitchen) ;  as, 
a*  In  the  Prbm  and  Pyramid,  the  lateral  plaaea 

vary,  and 
b.  In  the  T^^^i  ^c  extreme  planes  vary. 

" 9,  T^ 


» . 
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^B.  The  number  (zahl)  itself, 

the  Prism  and  Pyramid  occurring. 

a.  Trihedral,  or  with  three  (dreiseitig). 

b.  Tetrahedral,  or  with  four  (nerseitig)« 

€•  Hexahedra],  or  with  six  (sechsseittg),  and 
d.  Octohedral,   or  with  eight,  lateral  planes 
(achtseitig) 

The  Table  occHring. 

a.  Quadragonal,  or  with  four  (vierseitig),   ' 

b.  Hexi^onal,  or  with  six  (sechtseiteg)  and 

€•  Octagonal,  or  with  eight,  extreme  plane* 
(achtseitig). 
4.  According  to  the  size  of  the  planes  in  relation  to 
each  other  (verhaltnisse  der  flachen  in 
ansehung  (ler  grosse  zu  einander).— A 
determinate  difier^nce  in  this  respect 
pccurs  chiefly  in  the  Prism  and  Table, 
rarely  in  the  Pyramid — accordingly  tbp 
planes  are  sj^id  to  b^ 

A.  Ejual  (gleichseitig)  qr 

B.  Unequal  (ungleichseitig,)   and  this 

a.  Indeterminate  (unbestimmt),  or 

b.  Determinate  (bestimmt),  the  planes  being 
••  Alternately  broad  and  narrow  (abwech* 

8e]nd  breitere  und  schmalere). 
fi.  The  two  opposite,   broader  (zwey  ge- 

geniiberstehende  breitere),  or 
y.'The  two  opposite  narrower  (zwey  ge- 

genuberstehende  schmalere),  and  other 

fuch  like  determinate  differences. 

5.  Aqcordiog 
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5.  According  to  the  angles  under  which  the  planes 
are  associated^  (winkelh  unter  welcben 
die  flachen  zusammenstosseDl.-^These 
are 
A.  The  angles  of  the  lateral  edges  (seitenkaa* 
ten-winfcel)  being, 

a.  Equi-angular  (gleicbwinklich.^ 
b.*  Eectapgular  (recbtwinUich.) 

c.  Oblique-rangular  (schiefwinklicbj,  and 
ft.  Unecjui-angular  (verschiedeawinklicb). 

B*  The  angles  of  the  extren^e   edges  (endluuH 
ten«winkel]y  b^ne 
91,  Eqai-angular* 

b.  Rectangular. 

Gf  ObIi^ue-an&;tiIar,  and  tbi^ 
••  Parallel  (gleicblaufeud  scbief,)  or 
p.  Alternate^   obliqae*f(n^uIar   (abwecbselnd 
scbief),  and 

d.  Unequi-angular* 

'  C.  The  ^ngl^s  of  the  SHnimit  (endspitzen-wiiw 
kel}.-r?Tbese  occur  in  the  Pyramid  only, 
.\¥hic)i  is, accordingly  distinguished  intOj 
.a.  Very  pbtufe  (sehr  flfich^. 
b»  ObtQse  (fUch). 

c.  Rather, obtuse  (dn  wenig  flash). 

d.  Rectangular  (rec^twipklich,). 

e»  Rather  acute  (^ein  wenig  spitzjg}. 

f.  Acute  (spitzig),  and 

g.  Very  acute  (sehr  spitzig). 

6.  Accordin|^ 


6.  According  to .  tk^  dfrffiti^H  of  die  Utfor^  fianes 

/qebteig  der  seiteiiAiUben).    Tbe^  we 

A.  Stroigkt  (gecadflaobig),  pr 

B.  Curvated  (krammflSchig)    whi^  are  distills 

guished. 
«•  Partly  according  to  the  pasiimi  of  the  cur* 

Kab^e.  ())age  /der  Jusumiime),  being 
••  Inwardly  curvated,  .qT'  €onoa»e  (einwSuls 

gAitS{m3Dot  o.  koak^v). 
A  OuUpardly  cunrated,  jor  cfunFeK  (ausvarta 

^fduiimoA  Q.  konffe^). 
y.  Inwardly  aod  outwardly  curvated,  or  con* 

caye  and  convex  i(einHiiid  ausw'arts  gdc- 

ruonat  oder  konkav  loottrear). 
b.  Partly  .acoenling  to  tbf/Mrm  ai  tfaeiOunraK 

•tuae  (geitak  .d^r  kt^roe),  being 
^.  Spbetficai  ^apUN^sob). 
#.  iGyUq^fical  (aifindi^sob)  in  vbicb  £he  cur« 

Tatnre  runs^ 
1  •  Parallel  to  the.  sUfca  ^^ea  funteD  gleich« 

laufendO)  or 
•2.  'P^ndlal  to  the  4i4gQBil  (derdiagopale 

glelchlaufend), 
y.  fCoaical  (Xoniflob). 

7.  According  to  the  Jkdmem  ^  (fte  iG^sial  (voile 

des  Kriflalls),  Xkyitad^  jbdog 

A.  Full  or  peKfeot(voUe)  ailhiofa  is  Most  Jisually 

llie  case* 

B.  Hollowed  at  the  extremity  {aufgehohlt  an  ' 

dtm  endeo.)  ^r^ 

€.  Hollow 
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C.  Hollow  throughout  (hohl). 
$.  The  Knoiificaiiotis  of  the  primary  form    (ve- 
randcrungeD  der  grandgestak).    These 
are  three. 
I.  The  Truncation  (abstumpfung)*    Here  we  hare 
to  consider: 
1.  The  p4frts  of  the  V*ancation  (tbetle  der  ab- 
■tumpfung).    These  are 

A.  The  planes  (abstumpfungsflachen). 

B.  The  edges  (abstompftingskanten)  and 

« 

C.  The  angles,  of  trancation  (abstami^ungsec- 

ken). 
t.  The  determmation  (bestintmang)  of  the  trun- 
cation;  which  relates  to, 

A.  Its  situation  (ort)  as  occurtng 

a.  At  the  edges  (an  den  kanten),  or 
.  b.  At  the  angles  (an  den  ecken). 

B.  Its  magnitude  (starke  oder  grosse)  being 
a*  Deep  (stark)  or 

b.  Slight  (acbwaeh). 

C.  Its  (plication  (aufsetanqg)  as  being 

#»  i)irectly»applied  (gerad  aufgesetzt)  or 
b*  Obliquely  (schief). 
V*  The  direetioH  (richtung)  of  the  tnincadng 
planes,  which  are 

a.  Even  (geradfiSchig)  or 

b.  CiirTated  (krammffiichig). 

IL  The  Bevelling  (zuscharfnng).  Here  we  bare  to 
consider : 
1.  The  pat^ts  of  thebetidling  (dicile  der  ZQS- 
cbarfung)— These  arc 

A.  The 


^ 
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A.  The  bevelling  planes  (zuscbarfungfla- 

cben) 
B«  The  bevelling  edges  (zuscldrfungduut* 

ten),  distinguished  into,  ^ 

a.  The  proper  bevelling  edge,  and 

b.  The  edges  between    the  bevelling 

planes  and  the  lateral  planes«    • 
C*  The  bevelling  angles  (zuscliarfungsec- 
ken) 
2,  The  determination    (bestimmung)    of  th« 
bevelling.    Here  we  have  to  observe: 
A*  Its  situation  (ort)  as  occurring 

a.  At  the  extreme  planes  (an- den  end* 

flachen) 

b.  At  the  edges  (an  den  kanten),  oc' 

c.  At  the  angles  (an  den  ecken)^ 

« 

'   B.  Its  magnitude  (stirke)  as  being 

a.  Deep  (stark)  or 

b.  Slight  (schwach)~ 

C.  The  angh  (winkel)  ander  which  the 

bevelling  planes  conjoin.    This  is^ 

a.  Obtuse  (flach) 

b.  Rectangular  (rechtwinklich,)  or 

c.  Acute  (scharf) — 

D.  The  continuation  (fortdauer)  of  the  be« 

veiling,  as  being 

a.  Uninterrupted  (ungebrochen)  or 

b.  Interrupted  (gebrochen);  and  this 

«.  Once  (einmahl)  or 
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$.  Tiricdy  iotemipt^  (zwdmUhl  gebrochen) 

£*  Th^  application  (aufsetzung), 

a.  Of  the  bevelling  itself  (der  zuscharfung 
selbst),  being 

•.  Directly  (gerad),  ot 
^    p.  Obliquely,  applied   (scliief  aufgesetzt) 

b.  Of  the  bevelling  planes  (der  zuscbarfungs 
fiacben),  which  are  set 

••  On  the  Jaters^I  planes  (aof  die   seiten* 

flacben), 
fi.  On  the  lateral  edges    (auf  die  seiten* 

kanten,  aufgesetzt) 

III.  The  Acuminatum  (^uspitzung).  Here  we  have 
to  consider : 

1  •  The  parts  of  the  acumination  (theile  der  zus- 
pitzung),  which  are 

A.  The  acuminatiug  planes  (ziispizungsflacben) 

B.  The  edges  of  the  acamination  (zuspitzungskan* 
ten),  distinguished  into  ^ 

a.  The  proper  edges  of  acumination, 
b«  The  extreme  edge  of  acumination, 

c.  The  edges  between  the  acuminating  planes 

and  the  lateral  planes. 

C.  The  angles  ofacuminatioti  (euspltzungsecken) 
2.  The  determination  (bestimmung)  of  the  acumi* 

nation,  which  relates  to; 

A.  Its  situation  (ort),  as  occurring 

a.  At  the  angles,  (an  den  ecken),  or 

b.  At  the  extreme  planes  (an  den  endflachen) 

B.The 


1 
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B;  Th\g  pldfits  fktmsdue^  (za^ifzi^sBaeheto)    in 
which  we  have  to  observe ; 

a.  Thtir  minhet  (stn^ahlj 

b.  Their  relative  Ai^  (^erl^ltAidSib&^d^e  grSssid) 

c^  Thetr  {ottot  (g^sttilt),  wMcb  ii 

•.  Determiitate  (bddti^fiA>)y  oir 

fi.  IndeterMfrnalte  (linfbektiaMt) 
d.  TMir  ilp|Aic£(ti6h  (aufsetzung)  b^ing  ^ 

^.  Oh  the  Iftterill  plnttts  (airf  die  seitenfficb'en),  6t 

fi.  On  the  lateral  edges  (auf  die  seitenkitnten^ 

C.  Tkit  smhnHt  (winkd)  6f  the  acuriii^fttkm,  wfaicK  is ; 
a.'Obtuse  (ilachwinklich) 
b.  H^tangntar  (^echtwinkKcb)  6r 
'  c.  Acute  (scharfwinklich) — 
.  D. .  The  magnitude  (Starke)  6f  tfce  acummaftioriy  lie* 
cording  to  which  Crystals  are  ^d  to  be^* 

a.  Deeply  (itark)  or 

b.  Slightly,  aciiAinat€jd  (^h^ach  zugespitzt). 
This  distinctibft,  bowevfer,  is  confined  to  the 
Pyramid  and  Cube. 

E.  1*be  i&rmination  (endigung)  of  the  acumination^ 
which  is 

a.  A  point  (punkt)  6t 

b.  A  line  (linie). 

y.  2'Ae  manifold  modifications  of  the  primary 

form  (tnehrfacben  veranderungen  der  grurid- 

gestalt),  which  occur  in  some  Crystals,  arc 

<iither 

1.  Situated  beside  each  other  (neben    einander 

£esetzt]  or 

'2  Placed 
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2.  Placed  the  one  abcvis  the  other  (uber  einander 
geset2t] — 

To  render  the  determination  ci  a  CrystaHization 
more  accurate^  we  may  mention ; 

1.  The  number  of  its  planes  in  general^  and  of 
each  kind  in  particular ;  and 

2.  The  farm  of  each  kind  of  plane- 
Moreover,  in  explaining  the  form  of  Crystalli* 

zationsy  we  may  further  observOi  and  mention  by 
way  of  addition^ 

1.  The  different  modes  of  determination,  of  which 
they  are  capable  (zulasaigkeit  mehrerer  bestinunun* 
gsarteo.) 

The  determination  of  a  Crystallization  may  take 
place  either, 

a.  Representatively  (reprasentativ)  or 

b.  Derivatively  (derivativ) — 

But  in  general,  the  chief  or  essential  form  of  a 
crystallization  is  determined  by, 

a.  The  largest  planes  (grosste  flachen) 

b.  Tlie  greatest  regularity  (meiste  regelmiissigkeit) 

c.  The  most  frequent  occurrence  (oftere  vorkom* 
men), 

d.  The  affinity  to  the  other  primary  forms  of  a 
fossil  (verwandschaft  mit  den  iibrigen  grundges- 
taken  eines  fossils), 

e.  The  suitableness  and  peculiarity  of  its  modi* 
fications  (die  schicklichkeit  und  das  eigenthiimliche 
der  uch  dabey  findenden  veranderungen),  and 

f.  The  greatest  simplicity  (die  meisUs  ein£eu:hbeit.) 

2-  The 
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!?«  Trhe  transitions  (ubergange)  from  otie  {Srlinary 
form  into  another.     These  arise, 

a.  From  the  gradual  increased  extent  of  the 

modifying  planes,  and  the  gradual  de* 
creased  extent  of  the  primary  planes, 
until  these  finally  disappear  (wechselsei* 
tige  vergrdsseruiig  undt  yerminderung  der 
IrerStidertingsflachen  und  der  flachen  der 
grundgest'alt). 

b.  From  a  change  in  the  relative  size  of  the 

planes  (rerandening  in  der  terbaltoiss-i 
massigeti  grdsse  der  flachen). 

c.  ^rom  a  change  in  the  angles,  under  which 

the  planes  are  associated  (veranderung  der 
winket  under  welchen  die  flachen  zusam- 
menstossen). 

d.  #rom  the  convlexity  of  the   planes  (koD« 

yexitit  der  ffiichen),  and 

e.  From  the  aggregation  of  Crystals  (anein- 

anderbaafung  der  kristalle). 
3.  The  difficulties  (verbinderungen  oder  erschwer- 
ungen}  which  are^  opposed  to  the  exact  de^ 
termiMtiod  of  Crystals.     These  proceed 

a.  FrOffi  their  compression  (verschobenseyn) 

b.  From  their  penetrating  each  other  (verwach- 

senseyn) 

c.  From  their  partial  concealment  {versteckt* 

seyn) 

d.  From  their  being  broken  (verbrochenseyn) 

T  e.  From 


V 
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e.  From  their  extreme  minuteness  (zu  grosse 
kleinhcit). 
C,  The  aggregatidn  of.  Crystals  (zusammenhang 
der  kristalle) :  according  to   this^   Crystals 
occur, 

a.  Single  (einzeln),  being 

»•  Loose  or  detached  (lose) 

/?•  Inhering  or  inlaying  (eingewacbsen)  and 

y.  adhering  (aufgewachsen). 

b.  ^^^r^^fllfrf  (zusammengehauft),  the  aggre- 

gates being 
«.  A  fixed  number  of  Crystals  aggregated 

in  a  determinate  manner,  as 
.    ] .  Twin-crystals  (zwillingskristalle)  and 
2.  Triple-crystals  (drillingskristalle) — 
0,  Mam/  singly  aggregated  crystals,  dis- 
tinguished into  such  as  are, 
*      i .  Heaped  one  upon  another  (auf  einan* 
der  gewachsen] 

2.  Adhering  laterally  one  to  another  (an 

einander  grewachsen),  or 

3.  Implicated   one   in    another  (durcb 

einander  gewachsen). 
7.  Many  doubly  aggregated  crystals,  as 

1.  Scopiform  (biischelformig) 

2.  Fasciform  (garbenformig) 
.  3.  Acicular  (stangenformig) 

4.  In  a  row  (reihenformig) 

5.  Bud-like  (knospenformig) 

6.  Globular  (kugelformig) 

7.  Amygdaloid  (mandelformig) 

8.  Pyramidal 
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8.  Pyramidal  (piramida1)»  and 

9.  Rose-like  (rosenformig). 

D.  The  magnitude  of  Crystals  (grosse  der  kristalle), 
vfaich  is  determined  in  a  two  fold  manner ; 

a.  According  to  the  greatest  dimension,  and 

by  certain  degrees ;  as, 
«.  Of  an  uncommon  size  (ungewobnlicbea 

grosse) 
fi.  Very  large  (sehr  gross) 
%*Large  (gross) 

}.  Of  a  middling  size  (mittlerer  grosse) 
».  Small  (klein) 

t*  Very  small  (sehr  klein)  and 
n.  Minute  (ganz  klein) 

b.  According  to  one  dimension  in  relation  to 
the  others ;  as, 

«.  Short  or  low,  and  long  or  high  (kurz  o, 

'   niedrig,  u.  lang  o.  hoch) 

|9.  Broad  and  narrow,  or  elongated  (breit, 

und  scbmal  o.  langlich). 
y.  Thick  and  thin,  or  slender   (dick,  und 

diinn  oder  schwach) 
}.  Needle-like  and  capilliform  (nadelformig 

und  haarfdrmig) 
i.  Spicular  (spiessig)  and 
^.  Globular  or  tessular  (kuglich  oder  tessu- 
larisch) 
4.  Extraneous  external  forms  or  Petrifactions  (frem- 
dartige  aiissere  gestalten,  oder  versteinerungen)— 
We  have 

T  2     ,  A.  Petri' 
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A.  Petrifactions   qf  Animals^   ZooUtesk  (thter- 

^ersteinerungea  oder  soolithen}  as^ 
a.Ofmamma/fa(s2iigthmr«D)'\a»boDe8,  teeth, 

b.  Of  birds  (ydgeln)  >borDa,  9keIetons 

c.  Of  amphibia  (apopbibien)  j  ^. 

d.  Oi  fishes  (fiscben)  as  wbole  fishes^  skeletons, 
impressioDs,  kCf 

e.  Of  trisects  (insecten) 
f»  Of  vermes  (wiirmern) 

1 .  Of  testacea. 

m.  Muldvalve  (rielscbalige)  as  BsIaDites, 

fi.  Bivalve,  Conchiies  ( zweyscbalige,  Con^ 
chiten)  as  Myites,  Solenites,  Tellinites, 
Cbamites,  &g. 
y.  Univalve,  Cochlites  (eioscbalige,  Cochli^ 
ten) 
a.  a.  Witb  a  regul^  spiire  (mit  be»- 

timmten  windungea)  as   Nautilites, 

Amnaonites,  &c. 
b.b.  Witbout   a  regular    spire  (obne 

bestimmteQ  windungen)  aa  Patellites, 

Deatalites,  &c« 

2.  Of  crustaceaj  as.  Echinites,  inc. 

3.  Of  cordlia^  as  Corallines,  &c. 

B.  Petrifactions    of   Vegetables,    Pbytdkes~ 
(pBanzen*versteinerungen,   o4er    Phytolitben) 


a.  Petrified  wood  (verwandeke  bdlzer) 

b.  Impressions 
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b.  Idipi^isioBs  6f  leaves  aad  plants  (krauterr 
abdrucke)  &c. — 
JI.  The  external  Surface  (sHi^sei^  Oberflftche)— This  is, 
!•  UneFeo  (anebea) 

2.  Granukr  (gekornt) 

3.  Drusy  (drusig) 
4*  Rough  (roub) 

5.  Scaly  (schuppig) 
6^  Smooth  (glatt) 

7<  Stieakftd  (geskreift)  and  tiii»  ekher 
A.  m^^-streaked  (einiisch  gestrdft)  as^ 

a.  TrsAMrersely  (in  ^ie  quere> 

b.  Loogitndinally  (in  die  finge) 

c.  Diagonally  (di^onaliter  order  Sberswerg) 
d*  Alternately-'Streaked   (abweehieliid    ges^ 

treift);  or 
B^  Z>oii^^r8treaked  (doppdtgastraift)  as 

a.  Plumifbrmly  (federartig)^  and 

b.  Retiformly-streaked  (gestrickt) 
8.  Rugose  (giemustert) — 

III^  The  external  Lustre  (aussere  Ghmz).    Here  we 
have  to  determiite : 
1.  The  intensity  cS  the  lustre  (ttarke  des  glaor 
aKs)«— The  following  are  its  degrees^ 

A.  Resplendent  (stark^^Ianaend) 

B.  Shining  (glanzend) 

C.  We^ly-sbining  (wenig-glanzend)« 

» 

D'  Glimmering  (schiiqmernd)  and 
£,  dull  (matt) 
Z^  Tiha  kind  (art)  of  lustre,  aa  being, 

A.  Common 
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A.  Common  (gemeiner  gkinz),  which  is  distin«» 

guished  into 

a.  Glassy  (glasglanz) 

b.  Waxy  or  greasy  (wachsvoder  fetlglanz) 

c.  Mother  of  peafl  (perlmutterglanz) 

d.  Diamond  (demantglanz)  and 

e.  Semi-metallic     lustre     (halbiuetalliseher 
glanz);  or 

B.  Metallic  lustre  (metalliscber  glanz) 

2.  The  appearance   of   the  .fracture 
(Br  nob- Ansehen. ) 

I.  The  internal  Lustre  (Broch-glanz.)    It  is  deter- 

mined in  the  same  manner   as  the  external 
lustre. 

II.  The  Fracture  (Brucb).    We  bare  the  following 

kinds: 
1.  The  compact  fracttire  (dicbt€  bruch.) .  This  is; 

A.  Splintery  (splittrig),  being 

a.  Coarse  (grob)  or 

b.  Fine-splintery  (klein  spUtirrg) 

B.  Even  (eben) 

C.  Conchoidal    (muschlig)    which    is    distin- 
guished, 

a.  According  to  the  size  (grosse)  into 
«.  Large  (gross)  and 

/?.  Small  conchoidal  (kleiomuschlig) 

b.  According  to  the  appearance  (auszeich- 
nung),  inta 

fc.  Perfect  (vollkommen)  and 
^^  Imperfect  conchoidal  (unyollkommon- 
piuschlig) 

c.  According 


«  * 
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c.  According  to  the  depth  (tiefe),  into 
«.  Deep  (tief  oder  vertieft)  and 
fi.  Flat  concboidal  (flach-musdilig) 

D.  Uneven  (uneben),  being 

a.  Of  a  coarse  (ron  grobem) 

b.  Of  a  «ma11  (von.  kleinem),  and 

c.  Of  a  fine  grain  (\ron  feinem  korne) 

E.  Earthjf  (erdig),  and 

F.  J?acit:/j/ (hackig) 

2.  The  jointed  fracture  (gespakene  brucb).    Thi* 
is  distinguished  into; 
A.  The  fibrous  fracture  (fasrige  bruch.)    Here 
ire  have  to  observe, 

a.  The  thickness  of  the  fibres  (starke  der 
fasern),  as  being 

«r.  Coarse  (dick) 

0.  Fin^  (diinn)  or 

y.  Delicate-fibrous  (zart-fasrig) 

b.  The  direction  (richtung)  of  the  fibres^ 
as  being 

«.  Straight  (gerad)  or 
/9.  Curved-fibrous  (krumm-fasrig) 
■c.  The  position  (lagc)  of  the  fibres^  as  being 
«.  piarallel  (gleichlaufend) 
P.  Diverging.fibrous  (auseinanderlaufend); 
and  this  again 

1 .  Stelliform  (sternf ormig)  and 
?.  Scopiform-di verging     (bUschelfor- 
inig  auseinanderlaufend)  or 

7.  Promiscuous 


p1^  TahiUr  4rrm^ptu^  ff  fJ^ 

!y.  Proo^Ucupi^  fibvquf  (untf reipanderka* 

d.  T^tiQ  Imgtk  (IHog^)  of  the  >filires ;  as  being 
«.  Long  (UDg}'or 

B.  fhp   striated  fj^oftore  {^rf^^igfB    bruch). 

Herp  we  ^f vi?  to  pni«4rv ; 
xa.  The  breadfj^   of  tf>^    i^iap  (br^te  der 

strahlen)  as  b^ng 
».  Narrow  (s^bpad^^)    * 
A  Broad  (l^r^t)  PT 
y.  Very  l^rojwi^wmd  (^r  l|rpitrptrahlig> 

b.  The  directim  (ficbt^^)  of  -tbe  striae^  as 

«.  Straight  (gi^r^i^).  qr 

^.  Curved-stri^tef]  (kr^qE^qpi-^rahligX 

c.  the  position  (I^^ge}  of  tbe  stx^tB,  as  being 

••  Par^Ile)  (gleichUuf<podX    ^ 
^.  Divierging^   (auseio^pderl^u^nd)^    and 
this  again 

1 .  Stdi|tfo(ai  (stornf  bnnig)  and 
2«  Sip^ifpi'n^-diverging    (biischelfor- 
inig-avui|einaQderlaiiliBn(i|)  or 
^y.  |^rojQfk]3c\iQqs-^^riat^d     (i^tereinander* 
laufend-strahlig) 

d.  tbe  length  (ISoge)  of  thp  strice,  as  being 
«».  Long  Gang)  or 

P.  Short-Striated  (kurx-strablig), 

C.  Thp  foliaicd  fracture  .  (bl%ttrige    bruch). 
Ilere  we  have  to  determine 

a.  The 
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1^,  The  magnit¥4c  of  thie  folia  (grosse  der 
blester)  ^  beiog 
».  LiurgQ  (gros^ 
i9.  ^a|y  (scbuppig)  and  tbu 

1.  Coarse  (grob) 
9*  Small  (klein)  or 

dr  fine-scaly  filiated  (zart-scbuppig^ 
blattrig) 
Y.  Qrioii^irly-foUated    (kbrnig-blattrig}; 
/aud  this  aga^in 
|.  Qrois(gra9^} 

2.  Coarse  (grob) 

S.  S^iall  (kt^n)  and 
4.  F^pe-graoularly-fgJ[iated  (Fein-kdr- 
nlg-USLttrig) 
li.  The  pcrfectness  (^qllkommeDheit)  of  the 

foliii  iMi  b^i^g 
«.  Perfectly  (vqllkoqiim^Q) 

^  /t.  iflQip^fectly  (i^nvp}lkonupeo)  oi: 
r.  Concealed-foliaited  (verst^kt-blattrig) 
c.  The  direcfiint  (riqbltgmg}  of  the  folia,  a^ 
bei^g 
H.  gtfs^ight  (g^M)  or 
p.  Curved-foliated  (kraa|i»-blattrig) ;  and 
this  9g|ua . 

).  SgUevic^ly  (iph^rispb) 
2.  Uodularly  (wdknForinig) 
^.  P^etrioid^y  (bUimig)  and 
4.  Indetermiimitelyncuryed,   •  foliated 
^iinbestiiwiitJu'uinm-blattrig) 

d.  Tbtt 


f 


,> 
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d.  The  passage  or  cleavage:,    of  the  foiia 
(durchgang  der  blatter),  which 

«.  According  to  the  angle  (winke])  which 
one  passage  forms  with. another,  is 
either 

i.  Rectangular  (rechtwinklich)  or 
2.  Oblique-angular  (schief-winklicb) 

fi.  According  to  the  number  of  the  pas* 
sages  (anzahl  der  durchgange),  is 

1.  A  single  (einfacher) 

2.  A  double  (zweifacher) 
5.  A  triple  (dreifacher) 

4.  A  quadruple  (vierfacher)  or 
Sm  A  sextuple  passage,    of  the  folia 
(seehsfaeher  durghgang  der  blat-* 
ter) 
D.  The  slaty  fracture  (scbiefrige  bruch).     We 
have  here  to  observe 

a.  The  thickness  of  the   lamellap  (starke  der 

schiefern)  as  being, 
*,  Thick  (dick),  or 
fi.  Thin,  slaty  (diinn-schiefrig) 

b.  The  direction  (richtung)  of  the;  lameUas,  as 

being 

».  Straight^erad),  or 
^.  Curved^slaty  (krumm-^schiefrig);    and 
this  again 

1.  Undularly  (wellenformi^)  or 
i  r  '2.  Indeterminately  cdrved,  slaty  (un*- 

bestimmt-krunun-schiefrig) 
ti    ,  III.  The 
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III.  The  Form  of  the  Fragments  (Gestalt  der  Bruch$- 

tiicke).     We  have, 
\'  Regular  {vege\v[iiss\ge)  Fragments;  as^ 

A.  Cubical  {wiirflichc) 

B.  Rbomboidal   (rhoinboidalische)^    and    these 

again 

a.  Specular  on  all  (auf  alien  seiten  spiegelnd) 

b.  .Specular  on   four  (auf  vier  seiten  spie- 

gelhd),  or 

c.  Specular  only  on  two,  planes  (nur  auf 

zwey  seiten  spiegelnd). 

C.  Trapezoidal  (trapezoidische). 

D.  Triliedral  pyramidal  (dreiseitig   piramidale) 

and 

E.  Dodecahedral  (dodekaedrische). 

2.  Irregular  (unregelin'assige)  Fragments;  as, 

A.  Cuneiform  (keilfoimige) 

B.  Spicular  (splittrige) 

C.  Tabular  (scheibenformige)  and 

p.  Indeterminate     (unbestimmteckige)    which 
are  distinguished  into 
a«  Very  sharp-edged  (sehr  scharfkantige) 

b.  Sharp-edged  (scharfkantige) 

c.  Moderately    sharp-edged    (nicht  sdnder* 

lich  scharfkantige) 

d.  Rather    blunt-edged    (ziemlich   stumpf- 

kantige)  and 
p.  Blunt-edged,    fragments   (stumpfk^ntige 
brucbstiicke). 

9.  Tie 
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3.   The  APPEARANCE  OF  THE  DISTINCT  CONGJLETI* 

ONs  (x\bsonderungs«Aiueben). 
I.  The  Fomi  of  the  distinct  concretions  (Gesftalt  der 

abgesonderten  stUcke)  iie  have; 
!•  Granular  distinct  concretions  (kornige  abgesionr 
derte  stucke) ;  these  are  distinguished, 
A-  With  respect  to  the /orm  (gestalt),  into 
^.  JRo^nd  gf^nuldr  (rundkoroig)  as, 
#.  Spherically  round  (spharisch) 
fi,  Lenticularly  round  (iinsenforinig)  and 
y.  Elongated  round,  granular  (langlich 
rundkprnig). 
}>,  Angtdarfy  granular  (eckigkjirQig),  as 
«.  Common  (gemein),  and 
fi^  Elongated,    angularly  gcamilac  (Ian? 
glichi-eckigkornig). 
3.  With  regard  to  the  size  (grosse),  intQ 

a.  Gross  (gr^ss) 

b.  Coarse  {grobX. 

c.  Small  (t&lein)  and 

d.  Fine,  granular  (fein-kornig). 

2.  Lamellar  distinct  concretions  (scbaalige  abge^ 
sonderte  stiicke),  which  differ 
4»  Witb  respect  to  the  direction  or  form  (richr 
tung  o.  gestalt)>  as  being 
a*  Straight  lamellar   (geradscbaalig),    and 
this  again 
«».  Quite  straight  (ganz  gerad),  or 
fi.  FortilicatioD-liks,    lamellar  (fortifika- 
tionsartig-gebogenschaalig). 
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b.  Curved  lamellar   (krummschaalig),    and 
this 
••  Indeterminate  (anbestimmt) 
fi.  Reniform   (i^ierfiJrmig-gebogeti) 
r.  Concentric,      curved    (konzeotrisch- 
sdwalig);  as 
1 .  Spherically  concentric  curved  (spba- 

ciseh  konzentrischschaalig)  and 
ITv  ConicaUji  or  cylindricany  conccn- 
trie  curved,  lametTar  (koniscb  oder 
ziitndriscb  konzentri^bscbaalig}. 
B.  Witb  regard  to  tbe  thickness    (starke)  as 
being 

a.  Verf  thick  (sehr  dick) 

b.  Thick  (dick). 

c.  Thin  (dilnn)  and 

d.  Very  tbin,  lamellar  (sebr  dtinn  schaafig): 
3.  Columnar  distinct  concretions  (istingliche  ab- 

gesonderte  st&cke),  which  are  distia^ 
gutsbed 

A.  With  respect  to  the  Hrection  (richtong)  ss 

bdsg 

a.  Straight  (gerad),  and 

b.  Curved,  columnar  (krumm-stangliche). 

« 

B.  Widt  icgatd  tc  tbe  thickness  (stirke),   as 


a.  Vety  thick  (sehrdiek) 

b.  Thick  (dick) 

c.  Thin  (diinn),  and 

d.  Veiy 
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d.  Very  thin,    columnar   (sehr   diinn-sfan- 

gliche). 

C.  With  respect  to  the  fornix  (gestalt),  being 
a/ Perfectly  (vollkommen) 

b.  Imperfectly  (un vollkommen),  and 

e.  Cuneiform,  columnar   {keilfbrmig^tang- 

liche). 

D,  With  regard  to  the  position  (lage),  being 

a.  Parallel  (gleichlaufend),  and 

b.  Diverging,  or  promiscuous,  columnar  {au« 

oder    unter-einanderlaufend   s^ng- 
liche). 

4.  Pyramidal  distinct  concretions  (piramidenfor- 

mige  abgesonderte  stilcke). 
II.  The  Surf  ace  of  separation  (Absonderungs-flacbe), 

which  is, 

1.  Smooth  (gl^tt) 

2.  Rough  (rauh) 

3.  Uneven  (uneben),   or 

4.  Streaked  (gestreift),   and  this 

A.  Longitudinally  (in  die  langfe) 

B.  Transversely  (in  die  quere),  or 

C.  Fortification-like,  streaked  (fortifikationsar. 

tig-gestreift). 
III.  The  Lusire  of  separation  (Absonderungs^lanz). 

This  is  determined  in  the  same  man- 
ner as  the  external  lustre. 
4.  Th£    general    appearance   (A]gemeine« 
Ansehen), 

L  The 
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I.  The  Transparency  (Durchsichtigkeit).    We  have 

the  following  degrees : 

1.  Transparent  (durchsichtig),  as 
■  A.  Common  (gemein),   and 

fi.  Doubling,  transparent  (verdoppelnd-durcb^ 
sichtig). 

2.  Semi-transparent   (halbdurchsiohtig) 

3.  Translucent  (durchscheinend) 

4.  Translucent   at   the    edge?    (an    den   kanteii 
«  durchscheinend)  and 

*  5.  Opake  (andurchsichtig). 

II.  The  Streak  (Strich),  whose  colour  is 
J.  The  same  (gleich),  or 

2.  Difierent  (verschieden)  from  that  of  the  fossil. 

And  whose  lustre  is^ 

A.  The  same  (gleich),  or 

B.  More  or  less  different   (mehr  oder  minder 

verschieden). 

III.  The  Stain  (Abfarben).     In  relation  to  this,  so- 

lid Fossils    are    distinguished    into 
such  as 
.1.  Simply  stain   (abfarben),  and  this 

A.  Strongly  (stark),  or 

B.  Weakly  (wenig-abfarben). 

.2.  Both  stain  and  mark  (schreiben),  a^d 
$.  Do  not  staiQ  (nicht  abfarben). 

Characters/or  the  Touch  (Kennzeichen  fur  das 
Gefuhl). 
L  The  Hardness  (Harte).     This  is  determined  by 

the  following  degrees: 

1.  Hard 
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1.  Hard  (hart),  distiagfiisb^^d  idto 

A.  Hard  (hart)  on  which  the  Ale  makes  a  con* 

siderdble  impressiod. 

B.  Very  hard  (sebr  hart)  on  which  it  ttiakes 

a  weak  impression. 

C.  Extremely  hard  (ausserst  hdrt)  on  which  it 

makes  n6  imprefei6n« 

2.  Half-hard  (halb-hart) 
'  5.  Soft  (weich),  and 

4.  Very  soft  (sehr  weich). 
Ik  The  Solidity  (Festigkeit)  according  to  which  sbfid 

fossils  are  distinguished  into 

1.  Brittle  (sprode) 

2.  Sectile  (milde)  and 

3.  Malleable  (geschmeidig) 

III.  The  Frangibility  (2usammenfaalt  oder  Zerspring- 

barkeit).    In  relation  to  this,  solid  Fossils  are 
either, 

1.  Very  difficultly  frangible  (seht  schwer  zers- 

pringbar) 

2.  Difficultly  frangible  (schwer  zerspringbar) 

3.  Rather  easily  frangible  (iiicht  sonderlich  schwer 

zerspringbar) 

4.  Easily  frangible  (leicht  zerspringbar  J 

5.  Very  easily  frangible  (sehr  leicht  zerspringbar) 

IV.  The   FlexibSity  (Biegsamkeit),   according   to 

which  solid  Fossils  are  said  to  be 
1.  Flexible  (biegsam),  and  this 

A.  common  (gemein),  and  ' 

B.  Elastic 
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9«  SJ^aiGfl«icib]e(el9^ti«QH-hifgMm),  or 
9f  Infl^xiblQ  (iipbiegpi^n)} 
y .  The  Adhesion  to  th^  Tangw  (Anliaiig»n  an  der    / 
zmgi)>  Mcar4i^g  ip  friiiod  ^oUd  Fpesilsr 
adhere^ 

1.  Strongly  (stark) 

2.  JUther  $<Toi»g)y  (^ieinUpb  st^) 

3.  Weakly  (etwas)    . 

4i.  Very  weakly  (we^ig),  or 

5.  Not  at  all  (gar  nicht  an  der  zuqg^  wbangen): 

ChqmcHr^  for,  th^  Ifearing  (Kenn;9eid|en  fijir  ^ 

Gebpr) 

1.  The  Sound  (Scball),  di$tipgimli«t  into 

1.  Ringiqg  w  re«H>n(^iig  (UiAg«A) 

2.  Creaking  (knist^rn),  apd 

3.  Rustling  (rauscben). 

2.  Particular  generic  characters  of  Friable  FossUs. 

(Besondere  generiscbe  kepn^eicben  4^et  zenreiblichen 

Fossiliep) 

L  The  esierwd  Fmn  ( Afi^sserct  GosUlti.)    ThifU, 
■    1.  Massive  (derb) 
.  2.  Interspersed  (eingesprengt) 
3*  As  a  thick  Qr  thio  overdast  (di<dker  odervdimoer 
iiberzug) 

4.  Spumiform  (scfaaumartig) 

I  5.  Dendritic  (baumfdrmig),  or 
a.  Reniform  (nierf ormig) 

u  U.  The 
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IL  The  lAistre  (Glanz).    This  is  deteraiined  in  the 
same  manner  as  in  solid   fossils.    But  in 
friable  fossils  it  occurs^ 
li  With  respect  to  the  intensity  (starke)  of  Lustre 

A.  Glimmering  (schimmernd)  or 

B.  Dull  only  (nur  matt). 

2.  With  regard  to  the  kind  (art)  of  lustre, 

A.  Common  (gemein)^  or 

B.  Metallic,   glimmering    (metalliseb-schim- 
memd) 

in.  The  Appearance  of  the  Particles  (Ansehen  der 
theile).    We  have  only, 
!•  Dusty  (staubartige)  and^ 
2.  Scaly,  particles^  (schuppige  theile). 

IV.  The  Stain  (Abf  arben)i    Friable  fossils  stain 

1.  Strongly  (stark),  or 

2.  Weakly  (wenig). 

y«  The  Friability  (Zerreiblichkeit).    In  relation  to 
this,  friable  fossils  are 
1.  Pulverulent  (lose),  or 

fi.  Loosely-coherent  (mehr  oder  weniger  zusam- 
mengebacken). 

3.  Particular  generic  characters  ofJFluid  Fossils. 

(Besondere   generische   kennzeichen  der  fliisagen 

Fos»lien). 

L  The 


I 
I 
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L  The  external  Form  (Aeussere  Oestalt).    ThU  ib 
either 

1.  In  globules  (in  kugeln),  or 

2.  Liquiform  (geflossen) 

II.  The  Lustre  (Glanz).    This  is  either 

1.  Common  (gemein),  or 

2.  Metallic  (metalliscb). 

IIL  The  Transparency  (Durchsichtigkeit).    In  fluid 
fossils,  the  following  three  degrees  occur^ 
1«  Transparent  (durchsichtig) 

2.  Turbid  (triibe)  and 

3.  Opake  (undurchsicbtig) 

IV.  The  Fluidity  (Fliissigkeit),    with  respect   to 

which  fluid  fossils  are  either 
,   1 .  Perfectly  fluid  ( vollkommen  flussig)  or 
2.  Cohesive  (zahe)» 

V.  The  Wetting  of  the  Fingers  (Netzen  der  Finger). 

In  this  respect  fluid  fossils  either 

1.  Wet  the  fingers  (die  finger  netzen),  or 

2.  Do  not  (nicht  netzen) 

* 
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RACTE&S. 

SJebrige  allgemeine  genertsche  aiissere  kenozrichen) 
I.  The  Unctuosity,  (Fettigkmt)  of  this  we  have 

the  following  degrees^ 
1.  Meagre  (mager) 
9*  Rather  greasy  (ein  wenig  fett) 

3.  Greasy  (fettX  &nd 

u  2  4.  Very 
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4.  Verygraavy  (sehr  fett) 

IV.  The  Coldness  (Kalte) — with  respect  to  which, 

fossils  are 

1.  Cold.(kalt) 

2.  Rather  cold  (ziemfich  kalt),  and 

\ 

3.  Slightly  cold  (wenig  kalt). 

V.  The  Weight  (Schwere).     This  b  determined 

by  the  following  degrees^ 

1.  Sapernatant  (Schwinunend) 

2.  Light  (leicht) 

3.  Rather  heavy  (nicht  sonderlich  schwer) 

4.  Heavy  (schwer),  and 

5.  Extremely  heavy  (ausserordentlich  schwer)* 

VI.  The  Smell  (Geruch).     This  is   observed  in 

Fossils,  either 
1.  Of  itself  (fiirsich),  being 
A*  Bituminous  (bituminos) 

B.  Slightly-sulphureous  (schwach  schweflich) 

C.  Bitterish  (bitterlich)  or 

D.  Clayey  (thonig). 

-  2.  After  breathing  on  a  fossil  (nach  dem  anhau- 
chen),  smelling    . 
A#.  Clayey^biiter  (thooig-bUterUeh)^  or 
<^  4f^er  rubbing  or  striking  (aach  dem  reibea 
oder  zerschlag^}^  being 

A.  Urinous  (urinos) 

B.  Sulphureoms  (scbweflicb) 

C.  Garlic  (knoblauchartig),  or 

IX  Empyreumatic  (empyreumatisch). 

VII.  The 
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VII.  The  Taste  (Geschmack).    Id  fossils  we  bav« 
the  following  kinds^ 

1.  Sweetish-saline  (susssalzig  ) 

2.  Sweetish-astringent  (siisszusamoienziehend) 

3.  Sourish-astringent  (herl>e  ) 

4.  Bitter-saline  (salzigbitter) 

5.  Cooling-saline  (salzigkiihiend) 

6.  Lixivious  (laugenhaft)  and, 

7.  Urinous  (urinos). 


< 


I  N  D  E  X 


OP    THE 


FOSSILS  EMPLOYED  IN  ILLUSTRATION. 


AM 


ALPHABETICAL  INDEX 


or 


The  several  Fossils  employed  as  illustrative  examples 
in  the  explication  of  the  External  Characters,  ac^ 
cotnpanied  by  their  German  Synoniinsj  and  with 
references  to  the  different  Sections  in  which  they 
are  mentioned* 


A. 


Actynolite,  Strahlstekiy  j«  51,  ]L94»  368* 

Agaric-Minera]^  Berginilch,  §.  25^ 

Agate,  Agat,  $•  62,  94,  253. 

Alabaster,  Alabaster,  $..  24d. 

Alaminous-Shale,  Alaunschiefer,  §.  49,  l5C,  159. 

Amber,  Bernstein,  j.  47,  52,  210,  212,  221,  223,  225, 

'243,  553,  267- 
AmethTsi,  Aroethist,  §.  50,  54,  120,  124,  142,  202,  203, 

205,  2D6,  21 0. 
Amianthus,  Amtanth,  $.  47,  193,  198,  222,  226»  253. 
Antimoniaud-Silyer-Ore,  Sprod-Glasserz,  j.  49, 12^  128» 

221. 
Apatite  (Phosphorite),  Apatit,  $.  50,  126,  140« 
Aquamarine,  Aqnamarin,  §.  51,  57,  195,  210« 
Argill  (Pore),  Reine  Thoncrde,  $•  231« 
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Argillaccous^Ironstone,  Thon-Eiscnstdii,  §.  48, 53, 61, 167, 
169,153,179,190,201. 

f  Linsenf  ormig-koroiger  i 
Acino*  I  Thoa-EJuMtdn  |  *•  201' 

Columnar  j  ^^f  ^'j;;^^^^  j  ^  203.  ^208. 


—Nodular,  Eisenniere,  J.  202. 
-Pisiform,  Bohncrz,  §.  78,  94. 


ArgOlitc,  or  Slate,  Thonschiefer,  §.  48,  49,  62,  178,  196, 

198,  215,  216,  228. 
Arscnical-Pyritcs,  Arscnikkics,  §.  47,  58,  119,  126,  128, 

129,  133,  139, 142,  145,  175,  176, 189, 
203,  253,  255,  264,  268. 

'  ■  Argentiferous,  Weisserz,  §.  58,  264.     ' 

Arscnicated-Silver,  Arsenik-silber,  §.  47. 
Ad)estM,  Asbest,  §.  51,  54,  194,  198,  221,  225. 
Azure-Coppcr-Ore,  Kiipfcrtzur,  §.  50,  sisi,  266. 
Earthy,  Erdige  Kupferltzur,  §.  231,  266. 
Striated,  Strahlige,  do.,  §,  194,  266. 

B, 

Barosclcmte,  Schwerspath,  §.  53,  121,  US,  128,  13^ 
133,  134.142,  145,  147,  176,  195,  198, 
202,  221,  223,  224,  225,  253,  263. 

— *— —  Acicular,  Stangenspath,  $.  142. 

Earthy,   Schwerspatherde,  J.  231. 
Basralt,  Basalt,  §.  49,  106,  203,  204,  205,  206,  220,  223. 

225,  253. 
Basanite,  Lydischer  Stein,  j.  187, 
Bcryll,  Bcryll,  §.  51.  55,  130,  195. 

Bismuth- 


ALPHABETIC Al.  IND£X%  fSS 

Bismuth-Ochre,  Wtsmnth-okkeri  §,  52* 
Bitoininoat-Marlitei  BitumiDOser-Mergelschiefery  §.  156, 157. 

161»163.    ^ 
Btominoiis^hale,  Braodschiefer,  $.  49»  163f  ^66. 
BitiiiiiiDOus»W(Dodt  Bitununoses  Holzy  §,  '54. 
BIack^CobaIt;Ore»  Schwarzer  Erdkobdt,  §.  49,  93«  179, 

9AS,  24d»  3$3. 
Black-Copper-Ore,  Kupfenchwarze,  §.  9l31t  d33,  334. 

Bhck  HcBinatitcs,  Schwarzer  Glatskopf»  §.  86,  83>  9%,  96, 

178,  180   193,  202,  903,  306. 
9iack-Iron8tone,'Scbwarz-£isefi8tdn,  $.89,  91. 
Black-Lead-Ore,  Schwarz-Bleyerz,  j.  49,  119,^66* 
Black-Silver-Ore,  Silberschwarzc,  §.  231. 
Bleade^'Bkiide,  §.  58>  ld5, 198,  201,  206,  220* 
■  Black,  Schwarze  Blende,  §.  49,  129*  195,  201, 

215. 
•— -«-  Brown,  Braune  Blende,  §.  53i  54»  129, 196, 201, 


210,  213,  216* 

YeUow,  Gclbe  Bkmde,  $.  53,  195,  201,  213, 216» 

221,  253,  267. 

Blue-Martial-Earth,  Blaa-Eiseaerde,  §.  50,  179,  231,  2SS. 
Bole,  Bole,  §.  52,  188,  227,  253,  257. 
Bolognian-stoD*'*  Bologneser-stein,  §*  77- 
Bfown-Cobalt-Ore,  Bntnner  Erdkobelt,  §.  54,  179,  190t 

222,  242,  263. 

Brown  Haematites,  Branner  GlankopF,  §.  58,  87, 92, 166, 

170,  178,  180,  197,  202,  203,  206. 
Brown  Iron-Ochre,  Braune  Eisenokker,  §.  54,  233, 
Brown«Ironstone,  Braun-Eisenstein,  f.  88,  101* 
■  Compact,  Dkhter  Braun-Eisenstein,  §.  54t  89* 

«-».»—  Scaly-Iron-Ore,  Brauner  Eiscnrahm,  §.  231,  232, 

233,  334»  ^35, 253. 

C. 
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C. 

CahmiBei  Galmey,  i.  6%  111,  1916/  179»  IM. 
Calcareons^Spar,  KalkH>ath,  §.47,  48i  60^  BU  fUk^ 

101,  117,  116,  ldO»  ial»  1M»13^  Ifllls  1M»  iir# 
.  128,  139,   130^  laSt  134,  142, 145>  14r,'lffr,  15Bi 

161,  172,  176,  180,  195,  198»  201,  208»  210,  Sll» 
213,  220*  253,  266. 
Gdcedonjr,  ChalcedoD,  $.  48,  6%  62,  76,  88,  93»  M^ 

102,  159,  165,  172,  187,  802,  211> 

Carneliao,  CarDid,  §.  52,  53,  56,  57,  ^  77,  94,  187» 

188,  211,  258. 

Cats-eye,  Katzeoauge,  ^,  48,  60,  212,  258< 

Chalk,  Ereide,  i  47»   15»,  161,  17%  19^  ld8>  I^ 

«16,  228,  fi4d. 
Chrytoberyll,  Chrysoberyll,  §.  51* 

dkrysoBfe,  Chty«olitit,  i.  51,  169,  210*  - 

Chrysoprasium,  Chrysopras,  §.  51,  61,  187f  199,  313. 
Cbitabki',  Zlittobet,  i  53,  77,  118, 126,  128,  Vthl'^ 

189,  215,  222,  223,  253,  266. 

aay.  Then,  $.  46,  159,  163,  190,  227»  2d5. 
Clinkstone,  Klingstdn,  §»  203« 
Coal,  Tid.  Pit-coal.  •  ^^f 

Obpper.Pytitea,  Knpferkies,  f  52,  58,  75,  9%  126,  184, 

180,  189,  198,  221,  223,  224,  253,  364,  268. 
Conieotts-Silter^Ore,  Hornert,  §.  48i  61,  118,  180,  14S»' 

180,  222,  224. 


Diamond,  Bemant,  i  59,  124,  128,  li9, 184y  14ft  ItXS 
-  -1«0,  210,  219,  243,  258. 
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E. 


Eartfay-Cobalt-Ores,  £rdkobelte»  §.  S33»  248»  3§3* 

:piflf1f^  vid.  Slack-CoiMat-Ore. 
•_—  BrowD,  —  Brown^obalt-Ore. 
— — — .  Red»     -»  Rfid'CobduOre. 

.  Yellow,  —  YeUow.CobaIU)re. 

Earthy-Lead-Ore,  Blcycrdc,  §.  48,  179,  190,  2*0, 

233,  234,  285,  253,  266. 

'. Yellow,  Gelbe  Bkyerde,  §.  6&  IT^f  1^ 

Earthy-Scoria,  Erdschlackeo,  {.  106* 

Egyptiao-stonf ,  or  Jasper,  £gypttKl:ier-Minf  ow  jaifii,  §.  J 

188,  214. 
Emerald,  Schiaaragd,  §.  IM,  196,  210. 
Eaieryi  Schmirgel,  §»  21^ 


F. 


Fchpar,  Fcldspath,  §.  48,  63,  128,  141,  142,  196,  198, 

213,  219. 
Flint,  Feucrstcin,  §.  48,  49,  62,  7T,  94,  96,  JH,  159,' 

161,  178,  188,  212,  219,  253,  263. 
Fluorspar,  Flussspath,  $.  48,  60,  51,  62,  61,  118,  128, 

129,  133,  134,  142,  146,  170,  175,  180,  196,  198, 

203,  210,  212,  220,  242,  253,  267. 
FuUcr's.carth,  Walkererdc,  §.  198,  227,  242. 

O. 

Galena^ommoD,  Bleyglaaz,  §.  48,  68,  76,  86,  89,  97, 

io4, 118, 184,  lae,  las,  ia9,  is^  isr,  m,  i*% 

us. 
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145,  147,  165,  iro,  175,  180,  195,  IM.  199i  301, 
203,  205,  205,  221,  224,  225,  253,  26S. 

Galena,  Compact,  Bleyschweif,  '$••48,  98,  178, 187,  2SI» 
224* 

Garnet,  Granat,  §.  126,  128,  134,  141,  145,  147, 177, 

^01. 

Common,  Gemriner  Granat,  f.  51. 

Ptecious,  Edlcr  Granat,  §.  52,  56,  67,  78,  210. 


mmmm 


Gneiss,  Gneis/  §,  264. 

Gold-Ore  ofNagaya,  Nagiagererz,  $.222. 

Green«Copper-Ore,  Kupfergriin,  §.  61* 

Green*Earth»  Griinerde,  §.  51,  94. 

GrecQ-Lead-Ore,   Griin-Bleyerz,   §.  51,  119,  126,  128, 

130,  145,  180,  213,  216,  221,  253,  254,  264 
Green*Mart]aI-£arth,  Grun-Eisenerde,  §.  51. 
Grey-Antimonial-Ore,  Grau-Spiesglaierz,  §.  48,  58,  142, 

146,  176,  193,  194,  222.  248,  255,  266. 
Grey-Cobalt-Ore,   Grauer    Speiskobclt,    J.    48,  5Bt  17U 

178,  187. 
Grey-Copper-Ore,   Fahlerz,    §,  48,  120,  124,  126,  128, 

133,    134,    176,    177,    189,   223,   224,  263,  264. 

268. 
Grey-Ore  of  Manganese,  Grau-Braunsteinerz,    §.  48,  91» 

92,  93,  193,  194,  216,  222,  232,  253. 
*— — «-^>— —  Earthy,  Erdiges  Grau-Braunsteinerz,   $•  61, 

231. 
Grey  SiWer-Ore,  Weissgiltigcrz,   $.  178,  189,  221,  223, 

263,  268. 
Gypsum,  Gyps,  §.  47,  53,  147,  242,  243. 

Compact,  Dichter.Gyps,  J.  222. 
— —  Farinaceous,  Mehlgyps,  §,  228. 

Gypsum, 
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djjmaOf  Fibrous,  Fasriger  Gyps,  §.  177»  193,  197. 
-— — —  FoKated,  Blattriger  Gyps,  §.  213. 
*  Specular,  Frauene^,  §.  48,  127,  1491,  145,  195, 

197,  198,  210,  223,  228,  253,  264. 


H. 


Hdiotropiunit  Heliotrop,  §.  62. 

Hornblende,    Hornblende,     §.   49,  141,  194,  195,  198, 

301,  225,  255. 

!■        Basaltic,  Basaltische  Hornblende,  §.  133,  142. 

— «»^-»—  Shistose,  Homblendschiefer,  §,  255, 
Homstone,    Hornstein, .  §.   48,  51,  57i  102,  159t  161> 

153,  179,  IBS,  198,  213,  243. 
Hyacmth,  Hiazinth,  §.  53,  134,  210,  267* 
Hydrophane,  Weluuge,  §.  227,  267. 


I. 


Ironshot-Green-Copper-Oret  Eisensdiiisng-Kupfergrun,  §< 

51. 
■  Earthy,  Erdiges  Eisenschussig-Kupfcrgriin,  §.  61« 

Glassy,  Schlakluges,  do.  §•  51, 


J- 


Jade,  Nephrit,  §.  51,  177i  186>  212. 
Jargon,  Zirkon,  §.  48,  126,  128,  134,  180,  210. 
Jasper,  Jaspis,  §.  52,  53,  54»  62»  163,  214,  243. 
Jet,  Gagat,  $.  49,  353. 

LabradomoAe, 
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L. 


LabradorstODe»  Labradorsteioy  §.60* 

Lapis-Iazuli»  Lazurstein,  §.  50,  1799  25d» 

Lava»  Lava,  §.  106* 

Leucite*  Leuzit,  §•  134. 

LimestODe,  Ealkstein,  §.  489  499  62^  75>,  IO69  1529  155» 

157,  158,  198,  220. 
— — —  Compact,  Dichter  Kalkstein,  $.  156,  158,  159» 

I6I9  162,  186,  190. 
— — —  Foliated-granular,  Brattrig-korniger,  do.    §.  47* 


194,  201. 
Litbomaija,    Steinmarck,   §.  48,  5O9  53,  62,  2279  232f 

233,  235,  253. 
LowIaad-ArgUlaceous-IroQ-Ore,    Rasen-Ebensteio,  f.  d4» 

78,  103,  105,  22h 


Magnetic-IroDsand,  Magaetischer  Eiseasand,  $.  76,  267* 
Magnetic-IroDstone,  Magnet-EiseostCiD,  §,  49,  128«   177» 

1899  223,  267. 
Malachite,    Malachit,    §.    93*  95,   145,  179,  21 4,  223, 

2539  266. 
«———*•  Compact,  Dichter  Malachit,  §.  56.  266» 
— Fibrpus>   Fasriger  Malachit.    §.  51,  193«  198« 

202,  266. 
Marble,  Marmor,  §.  60,  62,  213,  243.  253. 
Marie,  Mergel,  §.  48,  154,  159,  163,  179,  190,  253. 

Mica, 


I 
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Mcti  or   Mfucory  Glast^  GIiminer»   §•  64,  l^li  126» 
I28i   180,    Ids,    198,   301,  210,    221,   226,   253, 

264. 
|4icaceoiivIi)pn-Ore,  EiscDglimmer,  §.  49,  195,  215,  220* 
Mkaceons-Shist,  Glimmerschiefery  f.  264* 
Micaceotts-Unmitic-Ore^   Uranglimmer,    §.    5l»  56t  128» 

145. 
MSoeral-PItch,  Erdpech,  §.  54,  222,  253,  255,  26& 

•     Elastic,  Elastisches  Erdpech,  §•  226* 
Mineral  Tar,  Bergtheer,  §.  240;  241. 
Molybdceoa,  Molybdan  oder  Wasserbley,  48,    195,  222> 

263. 
Moonstone,  Adular,  $.  60. 
Morassy-Iron-Ore,  Morasterz,  $.  235* 
Mountain-cork,  Bergkork,  §.  52,  179,  228,  253* 

N. 

Naphtha,  Naphtha,  !§.  239,  253,  255. 
Native-Antimony,  Gediegen-Spiesglat.  §.  47,  225,  253. 
Native-Arsenic,  Gediegen-Arsenik,   §.  58,  95,  102,  105, 

202,  206,  220,  225,  228,  253,  268. 
Native-Bismuth,  Gediegen-Wismuth,  §.  47,  58,  171,  225, 

253,  266. 
Native-Copper,    Gediegen- Kopfer,    f.  53,  85,  86,  107* 

*   191,  224,  225,  253,  268. 
NativcGold,    Gediegen-Gold,    §.    52,  76,  78,  84,  99, 

126,  128,  134,  145,  180,  191,  224,  225,  253. 
Native-Iron,  Gediegen-Eisen,  §.  87,  105,  107,  191,  224y 

225,  253. 
Native-Quicksilver,     Gediegen-Quecksilber,    $.   47,   175, 

180,  237,  238,  239,  241,  253. 

X  Native* 


300  ALPHABETICAL   INDEX. 

Nativc-Silvcr,  Gcdiegcn-Silber,  |.  47>  68%  75j  76,  79,  S0> 
82,  83,  84,  85,  S6,  99,  171,  177,  180,  189,  191, 
224.  225,  253, 

Natural- Alkalii  Natiirliches  Mineral- Alkali,  §•  256. 

Natural-Alam,  Natiirlicher-Alaon,  4.  255* 

Natural- Amalgam,  Natiirliches  Amalgam,  §.  228. 

Natural^Epsom-'SaJt,  Naturlichcs  Bittersalz,  §•  25& 

« 

Natural-Nitre,  Natiirlicher  Salpeter,  {|.  256. 
Natural-Sal  Ammoniac,  Natiirlicher  Salmiak,  §.  256. 
Natural-Sulphur,  Natiirlicher   Schwefel,  §.  52,  128,  210, 

212,  222,  223,  253,  255,  266. 
Natural-Vitriol,  Natiirliche  Vitriol,.  §.  60,  212,  256. 
Nickel-Ochre,  Nickel-okker,  §.  51,  2l35. 

Obsidian,  Obsidian,'  §,  49,  188,  198. 
Onyx,  Onyx,  §•  54. 

Opal,  Opal,  §,  47,  62,  60,  77,  180,  188,  198,  199,  211. 
220,  223,  225,  263. 

-,  Common,  Gemeiner  Opal,  §.  51,  52i 

•,  Precious,  Edler  Opal,  J.  60. 
Orpiment,  Gelbes  Rauschgelb,  §.  52,  253,  266,  268, 

P. 

Petrol,  Erdol,  f .  239,  241,  253,  255. 

Pipe-clay,  Pfeiffenthon,  §.  242.  * 

Pisolite,  Erbsenstein,  §,  201,  202. 

Pit-coal,  Steinkohl,  }.  75,  156,  157,  163,  222,  225,  243, 

253,  255,  266. 
Pitchstone,  Pechsteiu,  §.  49,  51,  53,  176,  220. 

Platina,  Platina,  f .  78.  j 

Plumbago, 
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Plnmhago,  Graphit,  §,  9ll«,  224,  2431. 
I^orcelaia.earth,  Pbr2eIhocrdc,  §,  47,  331- 
Porcellankc,  PorreHafljaspis,  §.  48,  50.  53. 
Porphyry,  Porphyr,  §,  243- 

Pfasium,  Prasem,  §.  61,  f20,  140,  176,  186,  212,  225, 
268. 

Prchnitc,  Pl^hnft,  §.  AS,  Si,  128,  142, 

Pumicestone,  Bimstein,  §.  106. 

Parpl6.Coppcr.Ore,  Bunt-KupftreraJ,  §.  58,  224,  268. 

Pyrites,  or  Martial-Pyrites,  Schwcfelkies,  §,  76,  90,  128, 

133,  134,  147,  149,  177,  189,  225,  253,  255, 

263. 
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Talc, 


3041  ALPHABETICAL  INDEX* 


T. 


Talc,  Talk,  §.  47»  ]95>  198,  2SJ,  225,  227»  MS»  25% 

264. 
— ^  Earthy,  Erdiger  Talk.  §.  178,  231.  232^  233^ 
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PRESIDENT, 

VICE-PRESIDENTS, 
COUNCIL  AND  MEMBERS, 

OF  THE 

WERNERIAN  NATURAL  HISTOBT 

SOCIETT. 

TH£   FOLLOWING   PAGES   ARE 

MOST   RESPECTFULLY 

DEDICATED. 


Permit  me,  Gentlemen,  to  present  to 
the  public,  under  the  auspices  of  your 
name,  the  following  translaticm  of  the  ce- 
lebrated Wemer^s  Treatise  on  Veins,  un- 
dertaken vriith  a  view  of  forwarding  the 

b  objea 
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object  which  first  assiociated  you  together, 
the  Extension  and  Promotion  of  the 

« 

study  of  Natural  History. 

I  observe,  with  infinite  sati^action,  the 
success  which  has  already  attended  your 
exerticms  ;  and  anticipate  with  pleasure  the 
advantages  which  are  likely  to  accrue  from 
a  continuation  of  them. 

May  your  labours  in  that  department  of 
science  be  long  useful ;  and  may  they  be 
always  as  highly  valued  as  I  value  them. 

Accept  of  my  best  wishes  for  the  pro* 
sperity  of  that  institution,  to  which  I  am 
proud  to^  have  the  honour  of  belonging ; 
and  believe  me  to  be,  with  sentiments  of 
xht  greatest  respect. 

Your  most  obedient 

And  very  humble  servant, 

Charles  Anderson. 

hsttUf  April  20. 1809. 
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It  is  now  upwards  of  seventeen  years  since 
this  treatise,  the  only  publication  in  which  the 
celebrated  Professor  of  Freyberg  has  given  any 
exposition  of  the  prindpies  of  his  theory,  was 
first  presented  to  die  public :  yet  strange  as  it 
may  appear,  it  is  no  less  true,  that  the  doctrine 
it  contains  has  been  almost  unknown,  at  least 
little  studied,  in  this  country,  till  within  these 
very  few  years. 

It  would  be  no  (fifficult  matter  ^  to  adduce  a 
variety  of  reasons  in  explanation  of  this  singu- 
lar circumstance ;  but  such  a  detail  would  be 
very  uninteresting.  Nothing  perhsqps  has  re- 
tarded a  knowledge  of  the  valuable  observap 
tions  and  discoveries  which  it  comains,  more 

than 
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than  its  having  been  written  in  Gennan,  a  Ian* 
guage  so  little  cultivated  in  this  country^  that 
the  perusal  of  this  work  has  ^  been  confined  to 
a  few  literary  persons.  For  the  same  reason, 
much  useful  information  on  the  nature  of 
mines,  and  the  mode  of  working  them^  is  still 
as  it  were  locked  up  from  the  use  of  the  prac- 
tical miners  of  this  island.  The  number,  varie- 
ty, and  importance  of  the  mines  in  Germany, 
which  annually  yield  an  immense  treasure, 
have  created,  in  that  part  of  the  continent,  an 
interest  which  is  quite  unknown  here.  Scien- 
tific men  have  there  directed  their  attention  to 
discover  the  manner  in  which  ores  and  mine- 
rals occur  in  the  bowels  of  the  earth  ;  and  by 
reducing  to  fixed  principles  what  th^y  have 
been  able  to  discover,  they  have,  by  their  in^ 
vestigations,  afforded  much  information,  which 
has  often  shortened  the  labour  of  the  practical 
miner,  and  been  of  much  service  in  assisting 
him  to  solve  many  of  the  doubts  and  difficul- 
ties, which  in  his  subterranean  operations  he 
frequently  experiences. 

It 
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It  is  a  conviction  of  this,  combined  vdth  a 
hope  that  it  may  be  useful,  i^hich  has  induced 
the  translator  to  present  to  his  countrymen,  ift 
an  English  dress,  the  Hew  Theoxy  of  tkji 
Formation  of  Veins;  a  task  which  he  under^ 
took  with  much  diffidence.  How  far  his  hopes 
of  the  utility  of  his  labour  may  be  realised,  time 
only  can  determine.  If,  however,  he  shall  be 
the  means  of  giving  more  publicity  to  the  doc* 
trine  which  this  treatise  contains,  by  bringing 
it  within  the  reach,  not  cmly  of  the  scientific 
geognost,  but  of  the  practical  miner  who  may 
not  be  able  to  peruse  the  original,  the  time  he 
has  bestowed  on  the  translation  will  not  have 
been  employed  in  vain. 

The  translator  is  sensible  that  he  has  much 
res^on  to  offer  ah  apology  for  the  manner  in 
which  he  has  executed  his  task.  He  is  not  in* 
sensible  c^  the  advantages  which  an  ornament* 
ed  style  confers  on  any  Uterary  performance. 
But  in  the  present  instance  it  has  been  his  am- 
biticm  to  render  the  cmginal  as  closely  as  pos- 
sible ;  trusting  that  the  fidelity  of  the  transhh 

tion 
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tion  will  atone  for  any  defideacies  which  might 
strike  the  reader  of  cultivated  taste. 

Werner  has  a  manner  of  expressing  his  sen* 
timents  whj^h  is  peculiarly  his  own,  and  in 
many  of  the  most  valuable  parts  of  his  sub* 
ject  frequently  makes  use  of  a  tautology  which 
appears  unnecessary.  Of  this  the  translator 
has  in  some  instances  ventured  to  retrench  a 
Uttle )  though^  in  by  far  the  greater  number, 
he  has  not  presumed  to  madce  any  alteration. 
Wherever  this  has  been  done,  he  has  pre- 
served die  sense  of  the  original  at  the  expence 
of  giving  to  his  sentence  a  turn  which  may 
oiten  sq>pear  prolix,  and  which  without  this 
explanation  would  be  thought  inexcusable. 

He  has  incorporated  with,  the  work  a  num- 
ber  of  additions  made  by  the  author,  which, 
however,  do  not  appear  in  the  original.  These 
were  given  by  Werner  to  M.  Daubuisson^ 
who  inserted  them  in  his  translation  into  the 
French,  and  appear  so  valuable  .an  addition, 
that  to  have  omitted  them  would  have  been 
highly  reprehensible. 

The 
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The  notes  which  he  has  ▼entured  to  add 
are  such  as  seemed  to  afford  some-  illostradon 
of  the  particular  partr  of  the  doctrine  which 
they  are  intended  to  explain ;  and  thoij^h  not 
so  numerous  as  by  some  may  be  deemed  ne- 
cessary, they  will,  he  anxiously  hopes,  be 
found  to  afford  some  information  on  the  dif- 
ferent  topics  of  which  they  treat. 

To  conclude,  the  translator  requests  of  all 
who,  from  their  local  situation  or  professional 
occupation,  may  have  an  opportunity  of  com- 
paring  the  contents  of  this  treatise  wkh  what 
they  read  in  the  great  volume  of  nature,  that 
they  would  correct  and  rectify  their  former 
observations  by  what  they  may  here  find,  and 
note  what  on  comparison  diey  may  observe 
not  to  correspond  with  the  real  phenomena  of 
nature.  We  possess  little  or  no  ijiformation 
•n  the  mining  districts,  or  rather  depots,  of  this 
country,  for  as  yet  they  have  not  been  divided 
into  mining  districts.  That  many  important 
mineralogical  facts  may  be  collected  from  a 
careful  survey  of  these  mines  cannot  be  doubts 

ed. 
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ed,  though  we  mutt  regret  ibat  the  attention 
of  scientific  men  has  not  been  directed  to  an 
examination  of  them  CcMiducted  on  just  and 
fixed  principles.  To  suppose  that  the  proprie* 
tors  and  conductors  of  our  mines  do  not  po&> 
sesa  the  same  inquisitive  spirit,  for  which  in 
other  pursuits  the  natives  of  this  kingdom  are 
remarkable^  would  be  to  hazard  a  conjecture 
which  will  never  be  admitted.  We  must 
therefore  seek  some  other  cause  to  which  this 
inattention  is  to  be  ascribed;  and  we  cannot 
discover  any  which  will  more  readily  account 
for  it^ '  than  the  want  of  some  just  and  correct 
observations  founded  on  facts  as  they  present 
themselves  in  exploring  the  great  and  hidden 
treasures  which  this  country  contains  within  its 
bowels. 

On  the .  principles  of  this  treatise,  Werner 
has  reared  that  beautiful  superstructure  to  ac« 
count  for  the  mode  of  formation  of  this  earth 
in  general,  which  has  obtained  his  name.  It 
is  the  result  of  30  years  close  and  unremitted 
application  to  the  nature  of  veins  and  the  mi'* 

neral 
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neral  masses  which  compose  the  crust  of  the 
globe,  ^nd  is  deduced  from  f^cts  alone,  to  the 
exclusion  of  all  hypothesis.  Such  a  mode  of 
philosophizing.  Viz.  observing  facts,  arguing 
from  them,  and  then  establishing  a  theory  on 
-what  has  been  seen  and  can  be  explained, 
gives  us  all  the  probability  of  reaching  the 
truth  that  legitimate  induction  is  able  to  af- 
ford. It  is  this  which  has  conferred  its  supe- 
rior excellence  on  the  Wcmerian  theory,  and 
procured  for  its  author  so  great  a  reputa- 
tion. 
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The  uninterrupted  geognostic  observations 
in  which  I  have  been  engaged,  have  been  prin« 
dpally  directed  to  a  consideration  of  the  differ-* 
ent  mineral  repositories ;  and,  with  the  view  of 
rendering  my  remarks  more  useful  and  appli- 
cable to  the  practical  operations  of  mining,  my 
attention  has  been  directed^  to  every  circum- 
stance which  could  make  me  acquainted  with 
the  nature  and  peculiarities  of  each  of  these^ 
but  more  pardcubrly  of  veins,  which,  being 
of  great  variety,  and  having  tmdergone  many 
changes,  are  of  a  very  complicated  nature.  In 
studying  veins,  I  have  not  only  applied  myself 
to  discover,  as  much  as  possible,  their  nature 
smd  properties,  as  well  as  their  different  rela^ 
tions  to  Cne  another,  and  to  the  substance  of 
the  rocks  in  which  they  occur,  but  I  have  also 
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endeavoured  to  obtain  some  knowledge  of  their 
origin  and  mode  of  formation.  From  this 
source  I  have  attempted  to  derive  the  explana« 
tion  of  their  peculiarities,  and  of  the  various 
phenomena  which  they  exhibit. 

The  discoveries  which  I  have  been  fortunate 
enough  to  make  on  this  subject,  greatly  surpass 
what  my  most  sanguine  wishes  could  have  led 
me  to  expect,  in  a  field  of  inquiry  fo  intricate 
said  complicated.  I  now  present  to  mineralo- 
gists and  miners  the  result  of  these  discoveries, 
as  well  as  the  new  theory  of  the  formation  of 
veins  deduced  from  them.  It  will  add  to  our 
knowledge  of  geognosy,  principally  in  the  na- 
tural history  of  our  globe,  and  in  the  science 
of  mine«working. 

This  new  theory  will  fill  up  a  considerable 
blank  in  geognosy ;  It  will  throw  new  light  on 
the  various  revolutions  which  our  globe  has 
undergone,  and  it  will  open  an  ample  field  for 
future  observations  and  enquiries.  It  will  in- 
crease and  confirm  the  connection  which  sub- 
sists between  orictognosy  and  geognosy,  and 
even  between  the  science  of  mine-working  and 

orictognosy ; 


orictognosy ;  and  it  will  afford  opportunity 
for  making  new  applications  of  this  last  branch 
of  mineralogy. 

All  those  who  know  how  much,  in  mining, 
we  are  often  obliged  to  grope  in  the  dark, 
whether  in  seddng  for  a  known  or  unknown 
vein  which  we  wish  to  work,  or  to  discover  in 
a  vein  the  points  and  places  which  contain  the 
largest  quantity  of  the  metallic  minerals,  or  to 
regain  a  vein  which  has  alieady  been  worked, 
but  has  been  lost,  which  very  frequently  hap- 
pens; all  such  persons  will  easily  appreciate 
the  value  of  the  new  theory  to  the  miner,  in 
proportion  as  it  is  rendered  more  perfect,  and 
is  applied  to  the  arrangements  and  works  car- 
ried on  in  the  interior  of  mines.  In  order  to 
set  this  matter  in  the  clearest  point  of  view, 
and  to  give  a  more  perfect  idea  of  it,  I  have 
devoted  a  whole  chapter  to  the  detail  of  the 
many  advantages  to  be  derived  from  it. 

Further,  In  the  second  chapter,  where  I 
give  a  history  of  former  doctrines  on  this 
subject,  I  quote  the  opinion  req>ecting  my  re- 
searches entertained  by  Mr  Von  Oppel,  cer- 
tainly 


tainly  an  impartial  person,  who  has  been  long 
celebrated  among  miners  both  for  his  know* 
ledge  and  his  experience.  The  exposition 
which  I  have  made  of  the  utility  of  my  theory 
in  the  ninth  chapter,  and  the  opinion  of  one 
so  competent  to  judge  of  k,  will,  I  flatter  my- 
self, be  sufficient  to  convince  all  well  informed 
miners  of  its^  utility  ;  such  at  least  as  are  pos- 
sessed of  experience  and  knowledge,  and  shall 
study  the  subject  without  prejudice.  I  do  not, 
however,  rest  satisfied  with  merely  stating  its 
utility,  but  I  also  show  in  detail  the  applica- 
tion of  it  to  the  working  of  mines.  I  also 
treat  of  the  manner  of  attaining  this  object, 
by  constructing  maps,  drawing  up  descriptions 
of  mining  districts,  and  forming  collections  of 
minerals ;  the  whole  being  arranged  in  a  pro- 
per manner.  In  the  tenth  chapter  I  apply  ^his 
theory  to  the  mining  district  of  Freyberg,  in 
every  respect  the  most  important  in  our  moun- 
tains. This  application  consists  of  a  descrip- 
tion of  the  different  formations  of  the  metalli- 
ferous veins  contained  in  the  district.  In  fine, 
as  miners  may  have  adopted  some  of  the  lan« 
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dent  theories,  and  as  their  attachment  to  these 
may  form  an  obstacle  to  the  advantages  that 
are  to  be  derived  from  the  one  I  here  give  an 
account  of  ^  I  have  been  under  the  necessity, 
in  spite  of  my  aversion  to  polemical  discussions, 
of  pointing  out  in  the  most  evident  manner  the 
falsity  and  groundlessness  of  such  theories.  This 
I  have  done  in  the  eighth  chapter. 

The  theory  which  I  detail  in  this  treatise  is 
founded  upon  observations  and  facts  partly 
well  known,  partly  new,  but  which  can  be 
easily  verified ;  it  is  also  founded  upon  incon^ 
testable  and  generally  admitted  theories  re- 
specting the  laws  and  effects  of  nature ;  and 
lastly,  upon  analogies  and  consequences,  to 
the  exclusion  of  every  thing  hypothetical.  As 
every  one  acquainted  with  the  subject  can 
judge  of  it,  I  am  equally  desirous  of  seeing  it 
subjected  to  numerous  and  rigid  tri^s,  as  of 
hearing  that  a  great  number  of  facts  are  col- 
lected to  rectify  and  complete  the  observations 
brought  forward  to  support  and  explain  it. 

I  must  here  present  a  request  to  all  who 
vrpuld  judge  of  this  theory,  or  coinmunicat^ 

their 


their  sentiments  on  it  to  die  public,  viz.  to  be* 
gin  by  first  reading  through  the  whole  trea- 
tise, and  then  to  peruse  it  a  second  time, 
with  attention.  Such  a  request  will  not  only 
appear  strange  to  many  persons,  but  even  su- 
perfluous ;  I  find  myself,  however,  under  the 
necessity  of  making  it,  from  the  manner  fol- 
lowed  by  some  individuals  with  my  book  on 
the  external  characters  of  fossils.  They  have 
often  represented  me  as  saying  quite  the  con- 
trary of  what  I  have  expressly  written.  This 
may  have  been  dcme,  by  some,  through  de- 
sign, but  in  by  fiu"  the  greater  number  of  in- 
stances, it  has  happened  from  that  work  not 
having  been  reoA  through  ;  and  in  this  man- 
ner the  public  has  frequently  been  led  into  an 
error,  at  least  for  some  time. 

The  proportion,  that  the  spaces  now  occu- 
pied by  veins,  were  originally  rents  formed  in 
the  substance  of  rocks,  is  not  a  new  opinion;  it 
had  formerly  been  propofed,  and  adopted  by  the 
greater  number  of  geognosts,  as  will  be  feen  in 
the  chapter  of  this  treatise  where  I  give  an  a- 
bridged  history  of  the  ancient  theories  of  veins. 
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X  ofily  claim  the  merit  of  having  ascertained,  in 
a  more  positive  manner,  the  causes  which  have 
produced  these  rents,  and  of  having  brought  for- 
ward better  proofs  of  it  than  had  formerly  been 
done.  But,  what  is  altogether  new,  and  what  I 
may  challenge  as  my  own  particular  difcovery 
is,  4?»  to  have  determined,  and  described  in  a 
more  particular  maimer,  the  internal  structure 
of  veins,  as  well  as  the  formation  of  the  differ- 
ent substances  of  which  they  are  composed,  and 
to  have  settled  the  relative  age  of  each }  i.  to 
have  given  the  most  accurate  observations  and 
most  perfect  knowledge  of  the  meetings  and  in- 
tersfiftions  of  veins,  and  to  have  made  these  ob- 
servations subservient  to  the  determining  their 
relative  ages;  c.  to  have  determined  the  different 
vein-formations,  particularly  metalliferous  veins, 
as  well  as  their  age;  d.  to  have  been  the  first 
who  entertained  the  idea,  that  the  spaces  which 
veins  occupy  were  filled  by  precipitations  from 
the  solutions,  which  at  the  same  time  formed, 
by  other  precipitations,  the  beds  of  mountains ; 
and  to  have  furnished  proofs  of  this ;  and  e.  to 
have  determined  die  essential  differences  that 
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are  found  "between  the  structure  of  Veins  Vid 
that  of  beds. 

Farther,  Almost  afl  tbe  refutations  of  objec- 
tions brought  against  my  theory,  as  well  as 
those  which  I  hare  urged  against  former  ones, 
and  the  greater  part  of  the  applications  made  of 
it  to  the  working  of  mines,  are  pecuUar  to  my- 
self. I  shall  say  nothing  of  my  claim  to  several 
other  discoveries.  For  upwards  of  1 7  years  I 
have  publicly  discoursed  of  veins  in  my  courses 
of  geognosy,  and  in  those  also  which  I  have  de^ 
livered  on  the  manner  of  working  mines.  From 
these  many  persons  have  imbibed  my  ideas,  and 
communicated  them  to  the  public,  either  direct^ 
ly  or  indirectly  ;  so  that  it  is  Very  difficult  for 
me  now  to  claim  them  as  my  own. 

From  my  earliest  youth  I  began  to  collect,  in 
Lusatia  and  Silesia,  the  observations  on  which 
my  theory  is  founded  j  but  the  greater  number 
has  been  furnished  by  the  mountains  of  Saxony, 
called  Erzgebirge.  During  the  22  years  that  I 
have  been  settled  in  this  country,  I  have  often 
descended  into  the  interior  of  the  mines,  in  the 
district  of  Freyberg,  and  into  all  the  others. 

Besides, 


Bepdesy  I  haye  derived  much  Imovledg^  from 
journeys  made  in  the  mountains  of  Bohemia^ 
chiefly  at  Joachimstahl  j  in  the  mountains  too  of 
FrasciHua,  of  Hesse,. and  of  Thuringia.  My  li- 
mited fortune,  and  the  nature  of  my  present  si- 
tuation, haye  prevented  me  from  travelling  into 
si^oredistant  countries,  however  useful  I  may  con- 
sider sudi  journeys  to  be,  ^d  however  desirous 
I  may  have  been  to  undertake  them.  After  this 
I  ca;anot  think  that  any  person,  who  considers 
the  observations  I  have  made  and  collected  on 
ibh  subject,  and  on  which  I  have  groimded  my 
theory,  will  upbraid  me  with  having  only  known 
one  single  tract  of  country  ;  this  reproach  has 
been  once  made,  though  erroneously,  and  on  the 
subject  of  another  part  of  geognosy, .  Indepenr 
dently  of  my  own  observations  on  veins,  I  have 
derived  much  assistance  from  the  investigations 
furnished  to  me  by  the  numerous  pupils  I  have 
bad  from  almost  every  part  of  Europe,  or  ficom 
those  which  I  have  obtained  by  an  extensive  cor- 
respondence carried  on  with  a  great  many  mine- 
ralogistj  and  experienced  miners ;  investigation's 
which  have  confirmed  the  greaiter  part  of  my 
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own  observations.  I  have  also  used,  though  ivith 
caution,  the  observations  made  by  other  geogn 
BQSts  in  different  countries,  which  are  to  be 
found  in  their  writings.  Lastly,  The  attentive 
and  strict  examination  of  the  numerous  fossils 
and  specimens  of  veins  in  my  own  cabinet,  or 
of  those  I  have  seen  in  other  collections,  has 
been  of  great  assistance  to  my  theory  i  for  in 
examining  a  piece  of  mineral,  I  am  not  satisfied 
with  ascertaining,  as  is  generally  the  case,  what 
are  the  different  fossils  of  which  it  is  composed^ 
but  I  endeavour  to  discover  a  certain  forma- 
tion of  metalliferous  veins,  and  to  determine 
whether  these  fossils  have  been  formed  at  the 
same  time,  or  which  of  them  are  of  newer  and 
which  of  older  formation  than  the  rest 

Although  I  have  been  nearly  30  years  occu- 
pied/in studying  the  nature  of  veins,  and  in  in- 
vestigating their  formation,  and  although  it  is 
now  six  years  since  I  first*  explained,  in  my 
course  of  geognosy,  the  same  theory  that  is 
given  and  demonstrated  in  this  treatise,  yet  I 
have  not  bestowed  all  the  pains  in  digesting  it 
which  I  could  have  wished  j  consequently  it  is 
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not  divided  and  arranged,  throoghout  in  the 
most  proper  manner.  I  have  been  under  the 
necessity  of  composing  and  putting  it  in  order 
within  the  q>ace  of  three  months ;  and  that  at 
a  time  too,  when  I  have  been  engaged  for  eight 
or  ten  hours  a  day  in  works  requiring  great 
exertion  of  mind ;  every  sheet  was  printed  as 
soon  as  it  was  written,  so  that  I  had  no  oppor- 
tunity of  altering  or  revising  it^  far  less  of  cor- 
recting the  whole. 

After  having,  in  my  capacity  of  author,  given 
to  the  public  that  account  of  the  work  jn-esent- 
ed  to  them  which  they  have  a  right  to  expect,  I 
shall  now  make  a  request  to  all  persons  who  are 
sincerely  interested  in  the  advancement  of  mi* 
neralogy  and  the  science  of  mines ;  which  is, 
that  they  second  my  efforts  and  assist  me  in 
bringing  to  perfection  my  New  Theory  of  Vems, 
and  in  discovering  new  formations  of  veins,  par- 
ticularly such  as  are  metalliferous,  to  transmit.to 
me  all  the  documents  they  can  relative  to  them, 
accompanied  with  specimens  of  the  fossils.  In 
these  documents  I  include  among  other  things 
an  ori^tognostic  and  correct  description  of  the 

substance 


substance  of  theTdns;  a  particulsp*  no^ceof 
the  remarkable  peculiarities  {M-esented  by  cer- 
tain veins  relatively  to  one  another,  such  as 
their  joinings,  intersections,  &c. ;  complete  de- 
scriptions of  the  veins;  descriptions  also  of  whol^ 
di^ts  of  ores,  and  of  mining  districts ;  remarks 
on  the  analogies  and  resemblances  which  cer- 
tain vein-fiMinations  bear  to  one  another^  as 
veil  as  to  beds ;  and  an  account  of  any  singu- 
lar phenomena  which  may  either  serve  to  con- 
firm or  overturn  my  theory.  I  shall  make  use 
<^.  every  thing  sent  me  on  this  subject,  and 
shall  receive  with  equal  pleasure  every  thing 
addressed  to  me,  the  object  of  which  shall  be 
either  to  rectify  my  errors,  or  entirely  to  re- 
fute my  opinions,  provided  it  be  done  in  a  be* 
coming  manner. 

I  take  this  opportunity  of  pointing  out  an 
error  into  which  some  of  my  friends  have  fal- 
len, which  has  in  several  respects  been  pre- 
judicial to  me,  and  is  still  likely  to  be  so.  Such 
persons  have  conceived  a  singular  notion  which 
they  have  publicly  circulated,  by  saying  that  I 
have  formed  the  resolution  of  publil^ung  none 

of 


of  my  numerous  and  painfol  labours  in  minera- 
logy,  the  science  of  mines,  forges  and  foun- 
dries»  They  think  (t  am  persuaded  m  conse- 
sequence  of  the  good  opinion  they  have  fonii- 
ed  of  me  and  my  scientific  researches),  that  they 
render  an  essential  service  to  the  sdeJices  iti 
publishing  ^s  soon  as  possible  tl)e  r^siilt  of  my 
observations  and'  labours. 

•  •  • 

This  cannot  be  a  difficult  matter ;  for  ever 
^ce  I  became  a  professor  in  this  school,  my 

■ 

manner  of  lecturing  has  been  such  that  my 
hearers  might  take  notes,  or  even  write  every 
word,  under  my  own  direction.  In  this  maimer 
several  of  my  courses  of  lectures  have  been 
written ;  and  to  my  great  displeasure,  a  sort  of 
mercantile  speculation  has  been  made  of  these 
manuscripts  in  other  countries.  They  are  for 
the  most  part  defective,  although  some  of  the 
number  are  more  perfect  than  others.  On 
what  is«  past,  I  am  willing  to  shut  my  eyes ; 
but  as  I  understand  there  is  an  intention  of 
publishing  and  printing  not  only  the  introduc- 
tory part  of  my  system  of  orictognosy,  but  ^- 
$0  my  dissertation  on  Iron  Foundries,  I  think^ 
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in  justice  to  myself  and  the  science^  I  am  boand 
highly  to  disapprove  of  such  an  undertaking. 
For  besides  being  thus  robbed  of  my  property 
as  an  author,  the  works  presented  to  the  public 
in  this  way  cannot  but  be  very  defective,  and 
in  some  degree  mutilated*  1  here  announce 
that  I  am  engaged  in  revising  my  works  on 
orictognosy,  geognosy,  and  the  other  branches 
of  the  science,  and  that  they  shall  forthwith 
appear  one  after 'another,  enriched  by  my  latest 
•bservations  and  discoveries. 

(Signed)  Abraham  Gottlob  Wbrner* 
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CHAP.    I. 

OF  VEINS  IN  G£KERAX. 


51. 

Xo  assist  the  reader  in  acquiring  a  more  perfect 
knowledge  of  what  I  have  to  say  on  the  formation  of 
veins,  I  deem  it  necessary  to  commence  by  giving  a 
short  account  of  veins  in  general  \  next,  I  ihall  ex- 
plain some  new  technical  terms  which  I  have  found 
it  necessary  to  make  use  of  in  this  treatise  ^  and  then 

A  I 
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I  shall  give  a  concise  history  of  the  former  theories 
vhich  have  been  proposed  on  this  subject. 

In  this  chapter  I  shall  give  the  definition  of  the 
terms'  I  employ ;  and  the  second  will  be  occupied  by 
an  account  of  the  old  theories. 

The  first  definition  I  shall  give  is  that  of  a  veift. 
In  explaining  this  term,  I  shall  mark  the  difference 

« 

between  what  are  to  be  considered  true  veins^  and 
what  are  not  so,  even  among  various  mineral  reposi- 
tories to  which  the  name  of  veins  and  other  appella-* 
tions  have  been  given  by  miners* 

$.2. 

Veins  are  particular  mineral  repositories  of  a  flat  or 
tabular  shape,  which  in  general  traverse  the  stratsi 
of  mountains,  and  are  filled  with  mineral  matter  dif- 
fering more  or  less  from  the  nature  of  the  rocks  in 
which  they  occur* 

Strata  are  those  parts  of  a  rock  which  lie  between 
parallel  rents  and  fissures.  These  separated* parts  or 
strata  are  therefore  tsdmlar  masses  of  the  same  nature 
and  substance,  parallel  to  each  other,  and  of  different 
degrees  of  thickness.  Mountains  and  rocks  thus  di- 
vided are  called  stratified  rocks :  all  rocks,  however, 
are  not  stratified* 

From  the  differences  in  the  position,  division,  and 

thickness 
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thickness  of  the  strata^  arise  the  difierences  of  stratU 
fication^  which  is  to  be  distinguished  from  the  super* 
position  of  rocks.  By  super^posithn  is  to  be  under* 
•tood  the  order  in  which  the  difierent  rocks  compo- 
«ng  the  crust  of  the  globe  are  arranged  above  one 
another*  Nor  must  we  confound  stratification  with 
the  structure  of  rocks,  though  nearly  allied  to  each 
other,  especially  in  rocks  of  a  slaty  structure,  where 
the  direction  of  the  strata  and  folia  are  the  same. 

It  will  be  a  more  accurate  description  of  veins^  to 
say  that  they  are  rents  which  hare  been  formed  in 
mountains,  and  hare  been  afterwards  filled  up  by 
mineral  matter  difiering  more  or  less  from  the  nature 

of  the  rocks  *• 

d 

S3- 

Veins,  as  we  have  remarked,  cross  the  strata,  and 
hare  a  direction  different  from  theirs.    Other  mineral 

repositories 


*  I  only  add  this  last  definition  of  veins  to  render  the  fixr- 
mer  more  expHdt :  for  in  determining  the  fi>nnation  of 
veins,  it  brings  their  distinctive  character  in  a  more  striking 
manner  under  our  observation.  I  did  not  wish  to  give  it  at 
first  as  a  definition,  because  it  takes  for  granted  a  formation 
which  remains  to  be  proved  in  the  course  of  this  treatise  \ 
and  when  this  fennation  is  proved,  it  may  be  used  with  the 
greatest  propriety. 
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repositories  (such  as  particular  strata  or  beds,  of  what* 
ever  thickness  they  occur)  have,  on  the  contrary,  a 
similar  direction  with  the  strata  of  the  rock ;  and,  in- 
stead of  crossing,  run  parallel  with  them.  This  forms 
the  characteristic  difference.  The  Swedifli  mineralor 
gists  give  the  name  of  gangar  to  mineral  repositories 
in  general :  veins,  properly  so  called,  they  name  shutr 
^ard*. 

54. 

A  stockwerie,  in  the  real  acceptation  of  the  word, 
(for  formerly  it  was  applied  to  a  certain .  manner  of 
^working  a  mine),  is  part  of  a  rock  of  greater  or  less 
extent,  which  is  penetrated  and  crossed  in  all  direc- 
tions by  an  almost  innumerable  quantity  of  %mM 
veins. 

What  the  miners  in  Hungary  call  rents,  filiate  J 
■  are  smaU  and  middle-sized  veins.  What,  in  floetz 
countries,  are  denominated  by  them  riikken  and  wfch^ 
sel,  arc  true  veins ;  the  first  of  these  is  often  of  con- 
siderable magnitude. 

The  veins  which  traverse  the  rocks  of  the  coal  forr 

mation 


On  this,  consult  WalleriiElementa  Metallurgiae,  §  11, 
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mation  near  Dresden^  are  improperly  denonunated 
iamme, 

I  suppose  my  readers  are  already  acquainted  with 
the  technical  terms  employed  in  speaking  of  veins^ 
and  diat  they  understand  what  is  meant  by  the  mag- 
nitudej,  position, .  and  structure  of  a  vein  *•  I  must, 
however,  expbin  some  others  which  my  iiew  theory 
has  rendered  it  necessary  to  introduce. 
»  By  a  vein  formation^  or  simply  -a^  formation^  is  to  be 
understood  all  veins  formed  at  the  same  time,  and 
having  one  and  the  same  origin  ;  whether  they  oc- 
cur near  each  other  in  the  same  country,  or  are  met 
\rith  in  different  and  distant  countries.  In  this  man- 
lier I  employ  the  terms  lead  glance^  fiuor^  and  heavy 
4par  formation  ,•  red  and  white  silver  ore  formation. 

When  several  veins  of  the  same  formation  occur 
in  a  country,  they  form  what  I  call  a  depot  of  veins. 
This  I  distinguish  by  the  name  of  the  country  in 

which 


*  On  the  different  techpical  terms  used  in  defcribing 
veins,  as  also  on  their  portion,  magnitude,  &c.>  diflfeient 
works  on  mining  may  be  consulted,  particularly  the  fir4 
part  of  the  Bericht  vom  Bergbau^  ^to.     Freyl^erg  X749; 
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which  it  18  found  joined  to  the  principal  fossile 
which  it  contains.  In  this  way  I  say  the  leadg/anctp 
grey  capper  ore,  and  yellow  blende  depot  of  Scbaffenherg  s 
the  tin  depot  of  Altenberg. 

Lastly,  By  mining  district  is  to  be  understood, 
aiany  mineral  deposits  occurring  in  the  same  coun- 
try, which  generally  cross  each  other.  I  distinguish 
such  districts  by  the  name  of  the  country  where 
they  occur,  as  the  tnining  district  rfFreykrg^ 

I  shall  now  proceed  to  give  the  history  of  the  dif- 
ferent theories  which  hare  hitherto  been  proposed  t« 
account  for  the  formation  of  veins. 


CHAP. 
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CHAP-  11. 


SHORT  JBiarrORY  OF  THJ^  DIFmUENT  THXORIXS  QK  Tfl^ 

FORMATION  OF  VEIKS. 


$5. 

Amon6  the  Greek  and  Latin  classics  who  treat  of 
mines  and  minerals,  we  find  very  little  on  the  9nh^ 
ject  of  veins.  It  will  appear,  however,  from  some 
passages  which  I  am  to  quote,  that  they  were  not 
altogether  ignorant  of  the  subject.  There  can  be  no 
doubt  that  veins  were  known  long  before  the  time 
of  these  authors.  They  must  unquestionably  have 
become  an  object  of  attention  as  soon  as  mines  be- 
gan  to  be  worked.  But  it  b  not  probable,  that  at 
chat  period,  veins  were  distinguished  from  the  other 
mineral  repositories,  or  that  any  attempts  were  made 
to  account  for  their  mode  of  formation :  at  least  such 
attempts  are  unknown  to  uf* 

Diodorus 
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Diodorus  Siculus  *,  at  the  beginning  of  the  pas- 
sage where  he  speaks  of  the  famous  gold  mines 
of  Egypt,  says>  ^<  the  mountains  in  this  country  are 
•*  of  a  dark  hue ;  they  are  traversed  by  veins  of  a 
<<  white  stone,  possessing  great  lustre;  it  is  from  this 
«  ftone  that  ^old  is  extracted  f  .*'  Farther  on,  when 
treating  of  the  gold  and  silver  mines  of  Spain,  he 
Says,  «  the  mountains  in  that  country  are  traversed 
«<  by  many  metallic  veins  J.*' 

Pliny, 

*  Diodori  Siculi  Bibliothecse  XiGdoricae,  libr.  xv.  per 
Laurent*  Rhodomannum.    Ratiov.  1604.  foL 

This  author  lived  and  wrote  about  the  beginning  of  the 
Chridian  sera. 

"f  *!*?$  yi^  yVS  fM}icUfiii  ivciK  t3  ^vru  Kali  imfua^  xai  ^Xt 

^n^iXMfA9r$fiKraf  (pints   vm^^XXureii  r?  A^e^T^dnrrf,  m  Tr^tct' 

The  black  mountain  here  mentioned  is  probably  com- 
posed of  dark  clay  slate,  and  the  white  marble  is  quartz  or 
some  kind  of  spar,  most  likely  the  former. 

The  iutnTTMictiU  ^rtXvfu^Sif  as  well  as  iut^$twmf^  in 
the  former  passage,  shows  that  the  repositories  in  the  mines 
of  gold  and  alver  frequently  traversed  the  mass  of  the 
rock  in  question  in  all  directions,  and  that  they  were  con- 
sequently true  veins. 


J 
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Pliny,  also,  in  speaking  qf  the  manner  in  which 
gold  is  found  in  the  mountains,  says,  ^<  the  veins  of 
*<  gold  run  through  the  rocks  in  many  different  di« 
•*  rections,  and  traverse  the  walls  of  wells  *." 

{7. 

Agricola  f ,  the  first  of  the  modems  who  has  writ- 
ten on  veins,  has  given  a  very  particular  account  of 

B  them. 


*  Vagantur  hi  venarum  canales  per  latcra  puteorum,  et 
hue  illuc  (Caii  Plinii  Secundi  Historise  Natur.  lib.  xxxvii. 
quos  interpret,  et  not.  illustxavit  Jo.  Harduinus  Pausus,  1723, 
fol.  lib.  xxxiii.  cap.  xxi.  torn.  iL  p.  617.) 

Under  the  name  of  canales  is  to  be  understood,  not  gal- 
leries, which  are  called  cuniculi  and  crypta^  but  the  veins 
themselves.  In  this  sense  the  words  have  been  consider- 
ed by  Agricola :  in  the  same  manner,  the  gold  which  is 
found  in  veins  is  called  aurum  canaliciuniy  to  distinguish  it 
from  that  obtained  by  washing,  and  of  which  Pliny  speaks 
before. 

The  word  vagari  means  that  this  kind  of  repository  ex- 
tends in  all  directions  in  the  rock,  and  that  consequently 
they  were  true  veins. 

In  the  edition  of  Dalechamp,  it  is  said,  hi  venarum  ca- 
nales per  marmor  vagantur  et  latera  puteorum  et  hie 
illuc. 

Pliny  wrote  his  work  about  the  year  100. 

f  George  Agricola  (whose  propef  name  was  Bauer,) 
was  bom  in  1494  at  Glaucha  in  the  Saxon  Erzgebirge. 

He 
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them.  He  speaks  of  them  in  many  parts  of  his  writ- 
ings, and  endeavours  not  only  to  define  and  describe 
them,  but  also  to  account  for  their  mode  of  forma- 
tion. In  the  whole  of  his  researches  on  this  difficult 
subject,  he  not  only  surpasses  all  who  hare  preceded 
him  in  the  same  path,  but  even  those  who  lived  a 
century  after  him. — ^Nevertheless  he  was  unacquaint- 
ed with  the  characteristic  differences  between  true 
veins  and  other  mineral  repositories.  He  treats  of 
the  size,  position,  and  crossing  of  several  veins,  in 
the  24th  chapter  of  his  work  entitled  Bermannusy 
and  still  more  particularly  in  the  third  book  of  his 
great  work,  De  Re  Metallica  f . 

In 


He  practised  medicine  first  at  JoacKimstahl,  and  then  at 
Chemnitz  \  at  which  last  place  he  died  in  i  ^^^,  He  Is 
the  father  of  mineralogy,  and  of  the  science  of  mining.  To 
an  intimate  ac<}uaintance  whh  the  sciences,  he  joined  much 
classical  learning.  His  Latin  was  so  pure,  that  this  circum- 
stance alone  is  sufficient  to  entitle  his  works  to  a  place 
amongst  other  classics.  His  writings  were  numerous  ^  and, 
with  the  exception  of  a  few  tracts,  have  been  published  in 
two  vols.  fol.  by  Froben  and  Basel. 

Agricola^s  reputation  in  the  sciences  which  he  cultivat- 
ed, will  last  as  long  as  Pliny^s  in  natural  history,  or  Ari- 
stotle^s  in  philosophy. 

f  Georgii  Agricola  De  Re  Metallica,  libri  xiL  fol.  £a- 
*5ilea,  1556. 
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In  the  third  chapter  of  the  third  book  of  his  work 
De  Ortu  et  Causis  Subterraneerum  *,  he  treats  of  the 

formation 


*  This  wprky  with  several  other  writings  of  Agricola, 
«nd  among  the  number  his  Bertnannui^  have  been  publish- 
ed in  one  volume,  with  the  following  titles. 

De  Ortu  et  Causis  Subterraneorum  libri  v. 

De  Natura  eorum  quae  efHuent  ex  Terra  libri  iv. 

De  Natura  Fossilium  libri  x, 

De  Veteribus  et  Novis  Metallis  libri  xi. 

Bermannus,  sive  De  Re  Metallica  Dialogus. 

Interpretatio  Germanica  Vocum  Hei  Metallicae,  addito  in* 
dice  foecundissimo. 

The  passages  alluded  to  are  the  following. 

*'  Sed  commissuras  saxorum  duobus  modis  fieri  intellige* 
*'  mus^  uno  qui  proprius  ipsarum  est  cum  saxa  gignuntur : 
^  turn  enim  materiam  tenacem  calor  coquitur  in  lapidem  : 
*'  at  non  lenta,  amilstcr  cocta  exhalat  humorem  efRcituique 
^  terra  plerumque  friabilb.  Altero,  qui  communis  ipsis 
*^  est  cum  fibris  et  venis,  cum  aqua  in  imum  locum  collige* 
**  tur.  £a  enim  saxa  mollit  suo  liquorc,  sua  gravitate  et 
^  pondere  pemmipit  et  dividit :  quod  si  dura  fiierint,  efli- 
**  cit  commissuras  saxorum  et  fibras  \  sin  non  nimis  dura,  ve- 
^  nas/'  Agricola  denominates  rents  commissuras i  small 
veins  and  ntmificatipns^^^^aj/  l^ge  veins  he  calls  venas ; 
and  the  whole  together  terree  canales.  For  at  the  begin- 
ning of  this  chapter  he  says,  ^  venio  nunc  ad  terras  cana-^ 
^  lesy  hoc  est,  venas,  fibras,  et  quas  commissuras  saxorum 
**  vocantur  \  quae  quidem  vasa  sunt  aut  rcceptacula  mate- 
^  rise  ex  qua  res  fossiles  formantur.'^ 

This 
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formation  of  Tcms.  The  rents  and  fissures  in  which 
veins  are  founds  he  supposes  to  have  been  formed, 
partly  at  the  same  time  with  the  rocks  themselves, 
and  partly  afterwards,  by  the  waters  penetrating 
them }  so  that,  where  there  has  been  eitHer  a  large 
quantity  of  water,  or  where  the  substance  of  the 
rock  has  been  much  softenedj^  there  the  largest  fis- 
sures occur ;  where  this  has  not  happened,  the  fis* 
^ures  are  proportionably  smaller.  With  respect  to 
the  earths  and  stones  which  are  found  in  veins, 
the  former  he  conceives  to  have  been  detached  from 
the  rocks,  and  carried  into  the  veins  by  the  water  * ; 

the 


This  author,  in  treating  of  the  formation  of  veins,  in 
the  same  chapter,  says  ^  *^  Impetus  aquarum  saxa  in  quo-^ 

que  loco  fragilia  comminuit  et  difiindit.  Igitur  per  ea 
*^  fracta  et  diffissa  pcrmeat  et  transit  modo  in  profundum, 
^'  fibrasque  vel  venas  facit  profundas  :  turn  auteip  in  latum 
f*  quo  modo  dilatatac  fiunt." 

By  the  conclusion  of  this  passage  it  appears,  that  he  com? 
prehends  beds  as  well  as  other  repositories  undeyr  the  >.ame 
of  veins. 

*  This  is  obviously  his  opinion,  from  the  two  following 
passages  of  the  work  already  quoted. 

Lib.  iii.  chap.  iv.  "  Terra  pura,  sive  simplex,  in  canali- 
f*  bus  hoc  modo  gignitur.  Aqua  pluvia,  quam  summum 
'*  terrae  imbibit,   primo  per  ejusdem  teriae  interiora  pec-r 

"  meat 
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the  latter  he  considers  as  arising  from  the  earthy 
matters  hardened  by  the  effects  partly  of  heat  and 
cold,  and  partly  by  a  lapidific  juice  *•     Minerals  and 

metals 


*'  meat  et  transit,  cumque  ipsa  miscetur :  deinde  undique 
*•  colljgitur  in  fibras  ct  vcnas."  A  little  farther  on  he 
adds,  '*  aqua  autem  sic  mista  in  unum  aliquem  canalis  al- 
^  veum  confluit,  vel  in  angustias  abducta  percolatur  :  quo- 
**  mode  materia  pura  et  aequalis  subsidet  ^  aqua  veio  deficit 
*'  et  delabitur.  £x  qua  sane  materia  oritur  terra,  de  qua 
•*  nunc  loquimur.'' 

*  This  same  author  says,  in  the  following  passages  of  the 
fore-mentioned  work, 

Lib.  iv.  cap.  iv.  **  Albertus,  Arabem  (i.  c.  Aviccn- 
^^  nam)  secutus,  scribit,  materiam  lapidum  esse  speciem 
^  quandum  terrae  aut  aquae  :  id  est,  duo  haec,  terram  dieo 
**  et  aquam,  sic  inter  se  mista,  ut  modo  hoc,  modo  illse 
^*  vincat  altenim  mole.  Uterque  (sc.  eorum)  autcm  quod 
*'  ita  sensit,  ratione  fecit.  Nam  non  fit  lapis  ex  pura  neque 
^  terra,  neque  aqua  :  quod  solam  terram  prse  siccitate  ejus 
**  non  coagmentet  ac  conglutinet  calor,  sed  dissolvat  magis 
'*  faciatque  pulverem.  Aqua  yefo  simplex  congelascit  qui- 
*^  dem  frigore,  sed  modicus  tepor  eajn  resolvit/*  He  adds 
farther,  '^  Humor  vero  vicissim  cohgregationis  conjunc- 
f^  tionisquc  partium  rei  siccse,  quoddam  quasi  vinculum 
**  est."  Then  pap.  v.  *•  Itaque  si  permistio  abundavctit 
*^  terra,  discitur  lutum :  ^n  aqua,  succus.  Nihil  enim 
*'  aliud  est  lutum,  quam  terra  quae  permaduerit  aqua,  ut 
^^  superiore .  libro  explicavi  :  nee  succus  aliud  quiddam  est, 
*^  quam  aqua,  quae  contra  sorbuerit  terram,  vel  corroserit 

"  tetigcritquq 
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metals  he  regards  as  being  deposited  from  a  solution 
in  water,  containing  the  earthy  materials  intimately 
mixed  and  combined  with  it  in  certain  proportions  : 
the  solution  of  these  mineral  substances  he  conceives 
to  have  been  promoted  by  heat^  on  the  abstraction 
of  which  they  assumed  their  present  solid  form. 
Agricola  farther  thinks  that  the  precious  metals  are 
the  results  of  a  more  pure  and  perfect  solution  *• 

Agricola 


*'  tetigeritque  metalluniy  quoddamodo  concocta  ut  item  su- 
*'  pra  dixi.     Sed  ex  luto  tenaci  potissirouin  fit  lapis/* 

Lastly,  cap.  ix.  '^  Igitur  proximas,  (sc^  causae),  sunt 
^  calor  et  frigus :  deinde  quoddam  modo  succus  lapidescens, 
*^  Nam  lapides,  quas  aqua  humectando  dissolvit,  eos  calo- 
*^  rem  exdccando  compeg^e  intelligemus  :  contra  vero, 
"  qui  calore  ignis  liquescimt,  ut  silices,  eos  frigore  concre- 
"  visse. 

*  He  explains  this  formation  of  metals  in  the  following 
passage  of  lib.  r.  cap.  vii.  *'  In  materia  ipsorum  (sc.  me* 
**  tallorum)  inesse  aquam,  argumentum  est  maximum,  quod 
^  ignis  calore  soluta  fluunt  3  frigore  acris  vel  aquae  rursus 
f*  densentur.  Hoc  tamen  sac  accipiendum,  quod  aquse  plus 
^*  in  ipsis  sit  terrae  minus :  nmplex  enim  aqua  non  est 
^  eorum  materia,  sed  mista  cum  terra.     Atque  terrse  qui- 

dem  portio  tanta  in  mistura  est,  quanta  aquae  perspiculta- 

tem  obfcuret,  fiilgbrem  non  auferat.  Quinetiam  mistura 
^  quo  purior  fiiit,  eo  preciosius  ex  ^  fit  metallum,  magis- 
**  que  tolerant  ignium.     Sed  quota  terrse  portio  in  quoquo 

*'  humorc 
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Agricola  is  thus  the  first  who  has  written  any  thing 
certain  on  the  formation  of  veins  and  the  substan- 
ces contained  in  them  ;  but,  considering  the  state  of 
chemistry  and  philosophy  at  that  time,  it  is  by  no 
means  surprising  that  he  has  sometimes  wandered  from 
the  right  path.  Nevertheless  his  theory  of  the  man- 
ner of  the  filling  up  of  veins  has  been  retained,  and 
is  still  with  some  modification  very  generally  receiv- 
ed, as  will  be  more  particularly  seen  in  the  sequel  of 
this  chapter.  This  author  rejected  the  more  com- 
monly received  opinion  of  his  time,  an  opinion  en- 
gendered by  the  dreams  of  astrologers,  viz.  that  the 
planets  had  an  influence  in  forming  the  various  me- 
tals. The  opinion  which  supposes  veins,  such  as  we 
now  see  them,  to  have  been  formed  at  the  same  time 
with  our  globe,  he  equally  regards  as  at  variance 
with  fact :  and  he  calls  it  the  opinion  of  the  vulgar. 

$8.      -^ 

What  has  been  written  by  Utman,  Elterlein,  Meier, 
Lbhneis,  Barba  and  others,  posterior  to  Agricola,  I 
pass  over  in  silence,  as  of  too  little  consequence  to 

deserve 


**  humore  ex  quo  cfRcitur  metaUum,  insit,  nemo  mortalium 
**  unquam  mente  cemere  potest,  nedum  explicarf ." 
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deserve  any  notice  ;  the  richness  and  poverty  of 
veins  being  by  them  attributed  partly  to  the  position 
of  the  mountains  with  respect  to  the  sun,  and  partly 
to  the  influence  of  the  stars. 

After  Agricola,  the  first  that  deserves  any  notice 
is  Balthasar  Rosier.  He  seems  to  consider  veins  as 
open  fissures  which  were  afterwards  filled  up  *.  In 
his  Speculum  Metallurgi^j  at  the  beginning  of  the  se- 
cond chapter,  when  treating  of  vein$^  and  fissures,  he 
says,  «  A  fissure  is  a  chink  or  gap  which  cuts  and 
^<  divides  the  rock,  and  is  like  the  crack  in  a  vessel 
««  which  allows  water  to  flow  through  it  j  some  of 
<<  these  fissures  are  long  and  wide,  others  short  and 
<*  narrow."  "  A  vein  cuts  and  divides  the  rock  uni- 
<<  formly  in  a  certain  direction  and  inclination,  but        ^ 


<c 


Its 


*  Balthasar  Rosler's  Speculum  Metallurgise  Politissi- 
mum  y  folio.     Dresden ,  1700. 

Rosier  was  at  first  markscheider  and  g^genschreiher  at 
Frcyberg,  and  was  afterwards  mine-masler  at  Altcnbcrg, 
where  he  died  in  1673.  He  wrote  in  the  laft  years  of  his 
life  the  instructive  work  just  quoted  \  but  which  was  not 
published  till  21  years  after  his  death. 


• 


\ 


FORMATION  OF  YXINS.  1 7 

«<  its  breadth  varies  -,"  farther  on,  "  what  constitute* 
"  the  vein  itself,  and  what  it  contains  enclosed  with- 
**  in  it,  and  forms  its  principal  part,  is  either  the 
**  materials  in  which  the  mineral  is  found,  or  metal- 
<*  lie  matter,  or  a  kind  of  clay,  quartz,  spar,  &c.' 
"  The  rock  sometimes  contains  druses ;  these  are 
«  hollow  cavities  of  a  round  or  oblong  form,  and 
'<  different  sizes,  which  are  commonly  found  in 
**  veins  Sometimes  the  veins  are  very  full  of  these 
«  cavities,  when  they  are  said  to  be  open  j  a  vein  is 
«  said  to  be  shut  when  it  is  quite  filled  up  either 
"  with  stony  or  metallic  matter.  The  druses  are 
<<  often  filled  up  with  clay  or  other  matter  j  in  that 
'  *'  case  the  vein  is  said  to  be  closed,  although  it  con- 
*'  tains  druses." 

From  these  quotations  it  is  obvious  that  Rosier 
considers  veins  and  fissures  as  having  the  same  ori- 
gin :  the  latter  are  open  empty  spaces ;  the  former 
similar  spaces,  entirely  or  nearly  filled  up.  He  does 
not  explain  himself  farther,  either  with  respect  to 
the  manner  in  which  the  fissures  were  produced,  of 
the  mode  in  which  they  have  been  filled  up. 

G  $  lOi 
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}  ro. 

Becher^  in  his  Physica  Subterranea  *,  ascribes  the 
formation  of  metals  and  minerals  to  certain  subterra- 
neous vapours,  which  arising  from  the  bowels  of  the 
earth,  and  penetrating  the  veins,  produce  a  peculiar 
change  in  such  stony  and  earthy  matters  as  they 
meet  in  their  way,  which  are  in  a  state  to  be  trans- 
muted. He  regards  the  earth  as  a  hollow  body,  filled 
with  clay,  water,  sulphureous  and  bituminous  sub- 
stances 'f  and  from  this  immense  reservpir  there  arise 
certain  exhalations  which  form  the  metals.  I  find» 
in  the  writings  of  Becher,  no  further  account  of  the 
origin  of  the  fissures  which  the  veins  occupy,  nor  any 
observations  on  the  substances  of  which  they  are 
composed. 

$  II. 

Stahl,  a  great  physician  and  chemist  of  Germany, 
and  commentator  on  Becher,  in  many  places  of  his 

work. 


^  -Jo.  Joachim.  Becheri  Phy^ca  Subterranea,  Editio  no- 
vissima,  cum  prssfatione  prspmissa,  indice  adomato  et  speci*' 
mine  Becheriano  subjuncto  ^  G.  £.  Stahlio.  Lipn» 
1703.  The  first  edition  of  this  book  was  published  at 
Frankfort  on  the  Main  in  1669. 
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Worky  notices  the  formation  of  veins  and  minerals* 
In  his  Specimen  Becherianum  *,  he  says^  one  of  the 
most  probable  opinions  is,  that,  from  the  period  of 
the  first  existence  of  our  globe,  considerable  fissures 
had  been  farmed  i  that  these,  at  the  time  of  the  de« 
luge,  were  filled  up  with  matter  of  a  soft  or  clayey 
consistence,  which  was  afterwards  penetrated  by  va- 
pours, extricated  from  the  interior  parts  of  the  earth, 
possessing  the  property  of  converting  these  into  mi- 
neral matter.  This  opinion  (towards  which  Becher 
leaned),  he  admits  to  be  attended  with  many  difficul- 
ties when  it  is  to  be  applied  to  particular  instances ; 
and  that  it  is  often  contradicted  by  what  is  observed 
in  nature  i  so  much  so  indeed,  that  he  concludes  by 
rejecting  the  theory,  and  considers  veins,  as  well  as 
the  substances  of  which  they  are  composed,  as  hav* 
ing  been  formed  at  the  same  time  with  the  earth  it- 
self i  and  of  course  as  being  of  the  same  age  with 
the  rocks  in  which  they  occur.  At  the  same  time^ 
he  is  disposed  to  attribute  some  eflFect  to  the  action 

of 


*  Georg.  £m.  Stahlii  Specimen  Becherianiun.  8vo.  Lip- 
sisB  1703*  Thb  was  published  along  with  Stahl's  edition 
ef  Btcher^s  Physica  Subterrane^. 
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of  the  atr,  and  other  causes,   in  producing  somt 
changes. 

Stahl  had  already  advanced  this  opinion,  in  his 
Treatise  de  Ortu  Venarum  Metalliferarum  }  but  he 
brought  it  again  forward  in  the  work  we  have  just 
quoted  *. 

Henkel  f  is  the  first  who  attributes  the  formation 
of  the  contents  of  veins  to  a  peculiar  exhalation  pro- 
duced and  engendered  by  a  fermentation,  supposed 
by  him  to  take  place  in  the  interior  of  rocks.  The 
basis  of  each  metal  and  minersil  he  supposes  to  exist 

already 


*  Ejusdem  Propemticon  inaugurale  de  Ortu  Venarum 
Metalliferarum,  4to.     Hal.  Magdeb.  1700. 

f  John  Frederick  Henkel  was  born  at  Mcrscburg  in  the 
year  1679.  He  at  first  practised  medicine  at  Freyberg, 
and  became  counsellor  of  mines  to  the  elector  of  Saxony, 
(hen  king  of  Poland.  He  taught  chemistry  and  mineralo- 
gy with  uncommon  reputation,  and  died  in  1744.  He  is 
the  father  of  mineralogical  chemistry.  His  lectures  were 
resorted  to  by  students  from  all  nations,  particularly  from 
Sweden.  His  numerous  writings  have  been  read  with  ge- 
neral approbation,  and  much  used,  though  less  quoted  than 
they  deserve.  He  studied  much,  and  was  an  unremitting 
and  acute  observer.  But  his  style  is  bad,  very  difiuse,  and 
tedious. 
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Already  in  the  substance  of  the  rock,  and  that  by  a 
peculiar  process  of  nature  It  is  matured  and  convert- 
ed into  the  metal.    He  does  not  venture  to  ascertain 
the  nature  of  these  bases  :  but  in  one  passage  of  his 
works  he  speaks  of  subtile  earths }  in  another  of  mer« 
curial,  arsenical  and  sulphureous  parts.    These  three 
last  he  probably,  however,  regarded  as  constituent 
parts,  and  consequently  metals  are  compounds.    Air, 
water  and  fire,  appear  to  him  the  substances  of  which 
nature  avails  herself  in  the  formation  of  metak.    He 
also  supposes  certain  kinds  of  earths  and  stones  to 
exist,  which  serve  as  the  matrix  for  the  others,  and 
which  are  indispensably  necessary  in  the  formation  of 
minerals* 

This  theory,  which  has  been  adopted  by  many  mi- 
neralogists,  is  given  at  large  in  his  Pyritologia  *,  and 
in  his  treatise  De  Appropriatione  f . 

M3- 


•  Job.  Fr.  HenkePs  Pyritologia,  or  History  of  Pyrites,  / 

pubHshed  at  Ldpsig,  1725.    A  second  edition  of  this  book  ' 

appeared  1754.  The  author  treats  of  the  engendering  of 
ores  in  the  13th  chapter,  which  is  written  on  the  original 
parts  of  pyrites.     The  principal  passages  are  §  731,  737, 

738,  74^*  744— 74> 

f  Medicorum  chymiconim  non  ultimum  conjunctionis 
primum  appropriatio  etc.  invenit  et  exposuit   D.  J.  Fr.  ' 

Henkd, 
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$13-  *• 

HoSmzn,  in  his  Dissertation  de  Matricibus  Metal'* 
lorum  %  (a  work  written  with  care  and  fuH  of  accu- 
rate observationSj  but  much  less  read  than  it  de* 
senres),  supposes  veins  to  have  been  formed  in  the 
fissures  of  rocks.;  yet  he  only  speaks  of  it  as  an  hy- 
pothesis, and  in  the  foUo^ng  wor4s.  ^  Fonamus 
^  itaque  venam  esse  non  nisi  lapidum  fissuram,  po- 
^  namiis  eandem  esse  cavemosam,  certi  ubi  metal- 
^  lum  intra  venam  produci  debet,  cortices  profecto 

«<  erunt 


Henkely  8vo.  Dresdae  et  Lipase  1727.  A  German  trans- 
lation of  tbis  work  is  found  in  HenkePs  Mineralogical  and 
Chemical  Essays,  Tvith  observations  on  them  by  Carl. 
Fred.  Zunmennan*     Dresden  and  Leipsig  1744* 

*  Jo.  Georg.  Hoffmanni  Dissertatio  de  Matricibus  Me- 
tallorum,  4to.  Lipsise  1738,  pp.  SS*  '^^^  excellent 
work,  which  contains  many  good  observations,  is  mack 
less  known  thah  it  deserves  to  be. 

The  author  of  this  little  work  was  bom  at  Leipsig  in 
1741.  He  was  appointed  assessor  to  the  council  of  mines 
at  Freyberg  ',  and  after  Henkel^  death  delivered  lectures 
on  chemistry  and  metallurgy.  In  1746  he  obtained  the 
rank  of  commissioner  of  mines,  soon  after  which  he  took 
charge  of  the  mines  of  the  king  of  Naples,  in  whose  service 
he  died* 
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^^jetvokt  Matricea  lActallorum,  Jam  Tero  ante  oili- 
er nit  Mctalli  generationeniy  cunctae  probabiliter  erant 
^  hiantes  Tens,  suo  saltern  cortice  instructae,  minU 
^  mam  hinc  «t  inde  varii  generis  saxo  et  tnterve- 
^'  niente  fissura,  occupatai :  ergo  cortices  venarum, 
^  aut  intra  venas  existentes  lapides,  propria  loquen- 
**  do,  universales  Metallorum  erant  matrices.' 


n 


$14. 

Zimmermanj  m  the  second  part  of  his  work^  en- 
titled <<  Obersttchsische  Bergakademie  *,*^  is  the 
first  nuneralogist  who  considers  yeins»  and  the  mi- 
nerals of  which  they  are  composed,  to  have  been 
produced  by  a  transformation  of  the  substance  of  the 
rock ;  and  expresses  himself  in  the  following  man- 
ner. (<  Minerals  are  undoubtedly  formed  in  the 
**  xock ;  but  daily  experience  shows,  that  the  rock  is 
<*  not  of  itself  capable  of  forming  a  metal :  for  were 

«  th6 


*  CarL  Fred.  21iiimieTman  Obersachsische  Bergakademie, 
4to.     Dresden  and  Leipag,  17^9. 

SSmmerman  was  bom  at  Dresden,  where  he  spent  his  life. 
He  was  the  pupil  of  Henkel,  wkose  minendogical  essays  be 
published.  Mineralogy  and  chemistry  were  his  principal 
studies.  A  short  time  before  his  death,  which  happened 
in  I747»  he  was  appointed  chief  commissioner  of  mines^ 


t 


24  /  K£W  THEORY  OF  THK 

^  the  mineralising  principle  capable  of  conyerttng:  h 
<<  into  a  mineral,  we  should  find  whole  mountains 
«<  which  had  undergone  this  change.  But  this  change 
**,  we  only  meet  with  in  some  parts>  which  follow 
<<  certain  directions,  and  being  thus  transformed, 
**  constitute  veins.  These  veins,  when  they  have 
<<  not  suffered  the  entire  change,  or  when  diey  do 
*<  not  contain  perfect  minerals,  are  still  of  a  different 
^  nature  from  the  rest  of  the  rock.  An  attentive 
<<  examination  will  show,  that  they  are  of  a  decom- 
<<  posed  and  friable  nature,  appearing  to  have  a  ten- 
<<  dency  to  return  to  this  natural  earthy  state  :  from 
<<  which  we  may  conclude,  that  these  veins  were  in 
<<  reality  originally  the  same  as  the  rock ;  but  that 
<<  their  texture  had  been  altered  and  dec<»nposed  by 
«  some  particular  saline  substance,  which,  penetrat- 
<<  ing  the  rents  and  fissures,  had  rendered  them  fit 
'<  to  be  transformed  into  minerals.  In  this  way 
<<  saline  substances  prepare  and  render  the  earthy 
«  matters  capable  of  being  converted  into  the  ma- 
/<  trix  of  minerals.  These  same  saline  substances 
<^  also  assist  in  the  formation  of  metals :  to  this  we 
<<  cannot  withhold  our  assent,  if  we  admit,  what 
<<  experience  teaches,  that  all  minerals  are  mixed 
<(  bodies,  consisting  of  a  metal,  an  earth,  and  an 
«<  acid." 

$15- 
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§15. 

It  is  certainly^  in  the  writings  of  Von  Oppel^  for* 
merly  captain-^eneral  of  the  mines  of  Saxony,  that 
the  most  interesting  particulars  hitherto  noticed  on 
the  subject  of  veins  are  to  be  found.  He  admits  po* 
sitively,  and  without  restriction,  the  proposition,  that 
veins  were  formerly  fissures  open  in  their  superior  part^ 
In  the  introduction  to  his  Subterranean  Geometry  % 
(Dresden  1749)9  he  expresses  himself  on  veins  av 
follows. 

•«  Definition. 

<<  $  538*  By  a  rent  is  understood  an  empty  fissure 
^*  or  gap  in  a  rock.** 

<<  RSMAKK. 

<<  $  539*  Rents  are  in  general  very  narrow,  which 
«  is  the  reason  why  jthey  are  represented  to  be  cracks 
«  or  fissures  in  a  rock.** 

«  Definition. 
<<  §  540.     A  vein^  on  the  contrary,  is  a  fissure 
'<  which  extends  a  great  wiay  through  a  rock,  which 

D  «  it 


*  Ankitung  zur  Markachridekuntt  nach  ihren  anfimgs- 
grtinden  und  ausllbung  kurzlich  cntworfen,  410.  Dresden 
1749. 


• 
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^<  it  cuts  and  {tivid€S  ;  it  U  filled  with  materials  dif-^ 
"  ferent  from  the  rock.** 

«  Note.     .  .   - 

**  §  54 1.  Fissures  and  vw^/  do  not  run  in  the  J/- 
«<  ruction  of  the  j/ni to  of  the  rock  :  they  traverse  and 
intersect  them." 

«  Definition. 

«  $  542.  The  mineral  matter  which  fills  the  £•- 
*<  sure  of  a  rock  is  always  o£  a  different  nature  from 
«<  that  of  the  rock  \  it  is  called  the  mass  of  the  vein, 

«  (Gangart.)'* 

This  same  writer  is  the  first  who,  in  the  work  just 
noticed,  has  established  die  difference  between  beds 
and  veins.  He  settles  the  distinguishing  characters 
of  veins  in  the  (  541.  just  quoted,  where  he  says  that 
veins  traverse  and  intersect  the  beds  of  mountains. 
It  is  also  of  consequence  to  observe  what  he  farther 
says  on  the  subject  of  beds,  in  the  three  following 
paragraphs. 

«  Definition. 

"  $  53'*  ^  ^^^  ^^  ^  mineral  deposit,  the  na* 
*<  ture  of  which  differs,  in  part  at  least,  from  that 
*<  of  the  other  beds  and  Igyers  of  the  same  moun- 
"  tain." 

«  Note. 
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«<  NOTB. 

**  §  533«  -^  ^^  ^^  ^^  ^^™^  direction  ds  the 
^  strata  of  the  mountain/' 

^   RSIIARK. 

<<  §  535-  I  can  perceive  no  impropriety  in  giving 
^  the  name  of  hds  to  mineral  depositions  which-  oc^ 
<<  cur  in  mountains  whose  strata  are  vertical,  or 
^  nearly  so,  provided  they  possess  the  character  just 
**  mentioned,  viz.  that  they  are  of  difTcrent  sub- 
^  stance  from  the  other  beds,  and  have  the  same  in^ 
<^  clination  and  position/' 

I  must  still  quote  another  passage  from  the  impor- 

^  tant  work  of  this  author,  whose  memory  will  ever  be 

held  dear,  not  only  by  the  miners  of  Saxony,  but  by 

every  well  instructed  miner,  and  will  be  no  less  an 

object  of  veneration,  than  his  writings  will  be  an 

evetlasting  monument  of  the  clearness  and  sagacity 

of  his  understanding  and  depth  of  his  knowledge. 

It  is  a  passage,  in  which  he  speaks  of  the  utility  of 

researches  into  the  nature  and  formarion  of  veins  ; 

it  is  valuable  in  the  history  of  this  theory  i  ao4  it 

shows  what  importance  those  who  were  considered 

as  skilful  miners,  and  zealous  for  the  advancen\ent  of 

the  working  of  mines,  attached  to  the  study  of  the 

theory  of  veins,  and  how  anxious  they  were  to  throw 

some  light  on  a  subject  of  so  complicated  a  nature, 

yet 
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yet  80  iutinuitely  connected  with  the  pracdce  of  mnl« 
ing.  <<  The  uiYestigationy''  aays  he,  <^  (^  die  cauies 
<<  which  have  pnxluced  the  rents  in  the  bowek  of 
«  the'earth>  and  of  the  manner  in  which  they  have 
^  been  afterwards  filled  up,  are  not  objects  of  mere 
<<  curiosity,  but  are  highly  worthy  of  the  attention  of 
**  the  naturalist.  The  study  of  these  objects  is  indis^' 
^  putably  the  principal,  as  it  is  the  most  useful  and 
<<  most  advantageous  one,  not  only  in  the  science  ci 
^  veins  and  fissures,  but  even  of  all  mineralogy*  It 
<<  is  perhaps  the  one  that  has  hitherto  had  die  least 
<<  attention  bestowed  upon  it/' 

Before  proceeding  to  notice  what  Von  Oppel  has 
taid  in  a  second  work  on  the  same  principles,  though 
in  a  more  particular  manner  confined  to  veins,  I  shall 
mention  the  opinion  of  some  mineralogists  who  have 
written  on  their  nature,  before  his  time.  The  first 
is  Lehman,  in  a  treatise  on  the  Matrices  of  Metals  *• 
This  book  is  little  more  than  what  Hofiinan  had  done 
on  the  same  subject,  as  expressed  in  his  $  i3tb :  h6 

has 


*  D.  Job.  Gottl.  Lehman^s  Abhandlung  von  den  Me- 
talmtkttcm  und  dcr  Erzeugung  der  Mctalle,  8vo.    Berlin, 
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has  only  repeated  what  had  been  written  by  that  aiN 
thor  on  the  nature  and  formation  tif  vems ;  to  which 
he  has  added  his  own  opinion^  remarkable  only  on 
account  of  its  singularity.  He  begins  by  sayings 
(p.  178.)  **  What  is  called  a  rent,  is  an  open  fissure 
^  in  a  mountainj  which  has  been  produced  by  a  iim- 
<*  sion  of  the  rocks  j  and  veins  are,  in  my  opinion^ 
^  nothing  but  fissures  which  have  been  filled  by  na^ 
^  ture  with  stones,  minerals,  metals,  and  clay,  in 
^  short,  whiohare  of  avery  different  nature  from  the 
5<  rock  itself  •**  Farther  on  he  says,  <<  The  veins  which 
«  we  find  in  mines,  appear  to  be  only  the  brand&es 
<<  and  shoots  of  an  immense  trunk,  which  is  placed 
<(  at  a  prodigious  depth  in  the  bowels  of  the  earth ; 
<<  but  in  consequence  of  its  grea|;  depth,  we  have  not 
<<  yet  been  able  to  readi  the  trunk.  The  large  veins 
^  are  its  principal  branches,  and  the  slender  ones  its 
<<  inferior  tw^s.  What  I  have  said  will  not  appear 
<<  incredible,  when  we  consider,  that  the  bowels  of 
<<  the  earth)  according  .to  every  observaticm,  b  the 
<<  workhouse  where  nature  carries  on  the  manufac- 
<<  ture  of  the  metals ;  that  from  time  immemorial, 
«  she  has  been  working  at,  and  elaborating  their  pri- 
<<  mirive  particles;  that  these  particles  issue  forth,  in 
«  the  form  of  vapours  and  exhalations,  to  the  very' 
<<  surface  of  the  globe,  through  the  rents,  in  the 

saqte 
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<<  same  manner  as  the  sap  rises  and  drcuhtes  through 
**  vegetables^  by  means  of  the  vessek  and  fibres  of 
y  ^  which  they  are  composed." 

This  explanation  of  the  origin  and  formadon  of 
▼eins  has  long  since  sunk  into  neglect ;  and  has,  so 
far  as  I  know,  met  with  no  followers  among  wri- 
ters* 

J  17. 

We  meet  with  much  interesting  matter  in  the  file^ 
•  menta  Metallurgix  Chemicx  of  Wallerius  *  ;  al- 
though the  manner  in  which  he,  as  well  as  another 
Swedish  mineralogist,  express  themselves  on  this  sub- 
ject, shows  that  the  Swedish  mineralogists  and  min- 
ers have  very  imperfect  ideas  of  the  nature  of  true 
veins.  Wallerius  says,  (at  $  6.  of  his  chap.  3.  De 
Venis  Metallicis)  '*  venx  met^cae  extensae  sunt 
^  tractus  subterranei  in  montibus  indusi,  ad  diver- 
«  sas  plagas  et  diversam  profunditatem,  recta  vel  ob- 
^  liqua  aut  flexa  via  extensi,  in  quibus  minerae  me- 
<<  tallicae  generatat  reperiuntur. 

«  Obs.  I. 


*  Joh.  Gollsch.  Wallerii  Elementa  Metallurgifle  fpecia* 
tim  Chenacsy  8vo.    Holmiae,  1768* 
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«  Obe.  I.  Interstttia  qus  ixitia  parietea  numtis 
^  fissi  aut  fracti  reperiuntur^  et  ^  montis  fissuia  Td 
<(  ftactuia  dependent)  fissurae  appeUantur^  (KlyA)Si 
^<  Si  hujus  modi  fi$8ttrae  terra  quxdam^  vel  hpide 
<'  aut  minera,  f uerint  impleta^  turn  generaliter  etiam 
<<  illse  appellantur  Teiue*  Hoc  latiori  sensu^  Tena 
<<  est  materia  fossilis  in  montibus  obvia^  in  longum 
^  extensaj  ^  circumambiente  lapide  et  sazo  diversa. 
«  In  sequentibus  vero  demonstrabimusj  saltern  non 
^  omnes  venas  ut  ^  montibus  fissura  et  fractura  de- 
*'  pendentes  esse  considerandas,  adeoque  inter  fis8»- 
<<  ras  et  venas  dan  omnino  aliquam  difierentiam.'' 
Afterwards  in  §  9. 

^'  Obs.  2*  Vocabttlum  Schiol  diTersimode  quoque 
<<  usurpatur ;  alii  venam  fimbriis  donatam  appellant 
<<  Schiol)  alii  ipsas  fimbriasj  seu  lapidem  minerse  ac 
<<  petrx  interjacentem.  Forsan  vena^  quae  ^  fissura 
'<  originem  habety  appellari  posset  Schiol  j  vense  vero 
**  reliquiaS)  ven«  *.'* 

§  18. 

«  Sir  Tobem  Bergman  f  gives,  in  his  Physical 

**  Geography^ 

*  This  forsan  posset  (perhaps  might)  shows  the  uncer- 
tainty of  Wallerius  in  this  opinion. 

f  The  first  edition  of  the  original  of  this  ffork  I  have 

not 
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Geogn^y»  die  following  short  definition  of  veins. 
<<  Miners  (says  he)  apply  the  name  of  vein  to  rents 
^^  that  are  filled  up^  and  consequently  are  shut ;  the 
<<  words  11$^  and  scbicel  express  nearly  the  same 
«  thing ;  but  what  is  called  trum,  is  a  small  rent 
**  quite  shuty  whose  walls  converging  form  a  kind  of 
*'  wedge.** 

5 19. 

I  come  now  to  consider  the  new  notions  and  defi** 
aitions  of  veins  given  by  Mr  Von  Oppel  in  his  Essay 
on  the  working  of  Mines,  in  which  he  treats  this 
subject  in  a  more  particular  manner  than  in  his  Intro* 
ducdon  to  Subterranean  Geometry.    What  he  has 

written 


teen,  nor  do  I  know  the  year  in  \irhich  it  first  made  its  ap- 
pearance. The  German  translation  was  publidied  in  1769* 
The  second  edition  bears  the  following  title :  Phynck  Besk- 
lifiiing  ofever  lordklotet,  f  orfatad  af  Tobem  Bergman,  An- 
dra  Uplagan,  8vo.     Upsala  1773. 

'Bergman's  Physicalische  Beschrdbung  der  Erdkugel 
(Phyncal  Geography)  was  published  at  the  desire  of  the 
C>smographical  Society ;  and  a  third  edition,  in  German, 
was  published  in  1791,  at  Greifswald.  This  interesting 
woi'k  contmns  all  that  was  known  on  the  subject  of  Physi- 
cal geography  in  his  time.  A  work  on  the  same  plan,  and 
brought  up  to  the  present  lime,  would  be  of  infinite  value.  T. 
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tlhritten  on  this  subject  evinces  him  to  be  a  skilful 
naturalist,  a  profound  philosopher,  and  an  experien- 
ced miner  and  geognost.  As  his  remarks  on  this  sub- 
ject are  very  interesting,  I  shall  giye  them  at  full 
length. 

**  $  29.  The  natural  structure  of  the  globe  seemii 
<^  to  show  us  that  after  the  formation  of  the  primi- 
<<  tire  and  principal  secondary  mountains^  thej  had' 
(^  suffered  great  desiccation,  and  been  exposed  to  vio- 
^  lent  shocks.  In  consequence  of  these  changes,  the 
^<  rocks  and  mountains  which  formerly  composed  One 
*<  continuous  mass,  were  split  asunder ;  whilst  thi^ 
^  took  place,  it  might  easily  happen  that  one  of  the 
^*  rocks  slipt  from  the  othet  without  ceasing  to  touch 
*'  it,  or  these  parts  might  be  separated  from  each 
*<  other,  leaving  between  them  open  spaces,  which 
<<  were  afterwards  filled  up,  in  part  at  least,  with 
<<  different  mineral  substances.  The  greater  part  of 
<<  these  grand  events  belong  to  that  part  of  subter- 
<<  ranean  natural  history,  which  can  only  be  eluci- 
<<  xbted  by  a  consideration  of  the  facts  whi(h  th^ 
*'  earth  presents  to  our  view ;  for  all  these  great  te^ 
*<  volutions  took  place  at  a  period  long  befote  the 
«  globe  became  habitable  to  the  human  species.  But 
«  whether  fissures  and  veins  were  actually  formed 
**  i9  the  manner  v^q  have  described,  ot  not;  it  is  irdT 

B  ^  lest 
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^  less  true  that  this  manner  of  representing  their 
^  mode  of  formation  and  the  relative  situation  ixrhich 
*'  they  bear  to  one  another  in  the  mountain,  is  the 
*<  most  simple  way  of  accounting  for  them.  It  ex- 
<<  plains  the  uniform  law  of  their  formation  both  in 
^  a  general  and  more  particular  manner,  and  conse- 
^  quently  we  shall  admit  it  as  the  real  one.  This 
^  hypothesis  would  be  still  more  satisfactory  to  the 
<*  naturalist,  if  it  were  equally  easy  for  him  to  coi^* 
c(  ceive,  how  a  new  mineral  substance  could  be 
^*  formed  in  these  fissures,  of  a  nature  different 
*<  from  the  rocks  in  which  the  veins  occur. 

«  $  30.  A  rent  or  inte^uption  of  the  continuity 
^  of  a  rock,  when  it  intersects  the  toata,  is  named  a 
^^  JUsure^  (gangkluft). 

<<  §  31.  A  vein  is  a  rent  in  a  rock  of  which  the 
^  direction  and  position  may  difier,  more  or  less, 
*(  from  that  of  the'  beds  of  the  rock  in  which  it  Qf> 
*<  curs ;  and  which  has  been  afterwards  filled  with 
<^  mineral  substances  of  a  different  nature  from 
<^  those  of  which  the  mountain  is  formed/*  Fur- 
ther, 

<<  $  38.  It  is  difficult  to  conceive  how  rents  and 
<<  openhigs  of  considerable  size  can  be  produced 
«  without  some  portion  of  the  adjoining  rock  sufier- 
<<.  ing  such  a  strain  as  would  form  lateral  chinks,  so 

«  that 


\ 
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A  tibat  tht  principal  rent  shotild  tenninate  in  aeveral 
**  smaller  ones.  When  these  smaller  rents  are  filled 
«<  widi  die  same  matter  as  die  principal  vein^  they 
^  9rp  said  to  be  branches  of  the  principal  vein 
^<  (TrQmmer);  in  this  case  die  vein  is  said  to  ramify 
'^  or  divide  into  bi:anches*  The  pordon  of  rock  con^ 
<<  tained  between  dies^  branches,  is  for  the  most 
^  part  of  a  W^g^  shape  \  in  such  cases  die  include 
^  ed  mass  is  <xdled  a  wedge.  When  die  branches 
**  run  for  any  length  in  the  same  direction  with 
<<  the  main  trunks  they  are  called  accompanying 
•*  branches. 

^<  $  42.  It  sometimits  happens,  that  when  a  vein 
^<  is  formed  in  a  stratified  mountain,  the  vein  not  ' 
<^  only  traverses,  but  also  deranges  a  stratum,  that  is 
<<  to  say,  that  one  of  die  two  paits  of  the  intersected 
*^  stratum  ehanges  its  position,  being  elevated  or  de* 
««  pressed  in  relation  to  the  other  strata  ;  in  this  case 
<<  the  strata  are  said  to  have  shifted.  The  vein 
<<  which  produces  this  effe£k,  is  called  (wechselj 
«  shifter.'* 

It  would  be  necessary  to  translate  all  that  has  been 
written  by  tl^  author  on  the  subject,  were  I  to  state 
die  whole  luminous,  instructive,  and  satisfactory 
view  which  he  has  given  of  it,  I  shall  content  my-^ 
ftelf  with  Quoting  two  more  ^eognpstic  oi>servation» 

whidi 
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which  are  extremely  interesting  and  useful  in  |irao» 
tice;  fix* 

«  §  98.  In  the*  hollows  and  ralleys  of  mountains 
*'  of  a  moderate  height^  the  veins  for  the  most  part 
*f  follow  the  direAioB  of  the  valleys. 

<<  §  104.  When  a  vein  has  been  cut  or  derangsd 
<<  by  a  visible  rent,  it  is  .s^a  met  with  in  following 
^  the  direction  of  this  last,  on  the  supposition  that 
<^  when  the  parts  of  a  vein  are  thus  cut,  they  are 
5<  mostly  separated  from  each  other. 

5  ao. 

About  a  yeair  after  the  appearance  of  Von  Oppel's 
work,  Delius  published  a  short  treatise  on  the  origin 
of  rocks  and  veins^*^.  The  principal  object  of  this 
work,  as  expressed  in  the  title,  is  to  give  an  account 
pf  the  formation  of  veins*  He  consi<lers  them  to  be 
rents,  formed  by  the  drying  of  the  rocks,  which  have 
been  fince  filled  up.    He  is  of  opinion,  that  the  raia 

having 


*  Abhanjlimg  yon  dem  Vnpnmgt  der  CcUxge  und  der 
darinne  befindlicheii  ^rzadem,  oder  der  sogeniinten  Gitoge 
und  Kl()^ )  ingleichen  yon  der  Vererzung  der  Metalle, 
und  insonderheit  des  G6ldes,  8vo.  Leipsig.  1770.  Pro* 
lietsor.  Schreiber  is  th^  editor  of  this  sma)!  treatise. 


fORMATIOK  OF  YIIMS.  3f 

llBVisig  penetrated  the  substance  of  the  rock,  has  dis- 
solved, suspended,  and  afterwards  carried  into  the 
rents,  the  different  materials  wfakh  senre  as  a  base 
for  stones  and  metals*  The  air  and  heat  of  the  sun, 
he  imagines,  are  afterwards  oi  use  in  evaporating 
the  water,  and  in  assisting  to  combine  the  materials 
from  which  they  are  produced.  According  to  this 
author,  different  metals  are  formed,  in  proportion  as 
the  original  particles  have  been  m  a  state  of  greater 
or  less  purity  *•  This  subject  is  discussed  by  him  in 
A  very  parricubr  manner,  which  is  any  thing  but 
founded  on  the  principles  of  sound  philosophy  and 
chemistry,  or  supported  by  correct  and  satisfactory 
observations*  Bcndes,  it  is  evident,  that  all  he  haa 
said  on  the  formation  of  veins  has  been  borrowed 
from  Agricola.  From  an  author  of  the  reputation  of 
Delitts,  who  was  acquainted  with  the  writings  of 
Von  Oppel  on  the  same  subject,  we  should  have  ez« 
pected  to  meet  with  observations  more  worthy  of 
^orice. 

In 


*  This  author  treats  of  the  subject  of  veins  in  the  second 
and  third  sections  of  the  above  work  j  the  second  is  writ* 
ten  on  the  origin  of  veins  and  rents  ^  and  the  thirds  on  the 
probable  mode  of  fbrmatien  of  the  ores  that  are  EDund  in 
them,  firom  $  33.  to  86.  The  principles  of  this  tfaeosy  axe 
fcntatned  in  fam  {  3^.  to  37.  and  6t,  6^ 


8$  ,  KEWTAORT  09  THT 

In  his  treatise  on  the  working  of  mines^  whicii 
appeared  seme  time  after  his  other  work»  this  same 
author  treats  of  veins  in  a  still  more  circomstastial 
manner,  but  with  as  little  solidity,  and  upon  die  saiM 
principles  *• 

fai. 

The  theory  of  the  formation  of  veins,  whidt  At 
sub-director  of  mines,  Mr  Von  Charpcintier.has  it* 
livered,  at  the  end  of  die  fourth  section  of  hip  Mine^ 
ralogical  Geography  of  Saxony  f,  is  nearly  the  same 
with  that  which  has  already  been  considered  in  $  14. 

The 


*  (Shristoph.  Trangott  Delios  Ankitung  tur  der  fietg- 
baukunst  nach  ihrer  Theorie  and  Aus&bung,.  nebst  etoer 
AbhandUaag  von  den  Gundsatzen  dcr  Berg«uiid  I^aanetaU 
Wisseasdisft,  410.    Wien.  1773* 

The  subject  of  veins  is  treated  of  firom  }  1 3.  to  52.  of  this 
work. 

In  this  work|  the  author  shows  in  several  places  some 
disrespect  for  Oppels  Bcricht  vom  Bergbau. 

f  Job.  Fr.  Wilh.  Charpcnticr's  Mincralogische  Geogra- 
<  phie  der  Kursachsischen  Lande,  410.     Leipsig,  1778. 

This  is  unquestionably  the  best  of  Charpender^s  writings; 
and  although  published  so  early  as  1778,  is  an  excellent 
specimen  of  topographical  nuneralogyy  and  ought  to  be 
known  and  studied  by  every  mineralogist.  The  style  of 
writing  is  good,  the  arrangement  judicious,  and  the  descripn 
tions  often  excellent.    T. 
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Tbe  concU e  manner  in  ^hich  he  has'  ddSvered  his 
opiiiion  on  this  subject,  prevents  us  from  giving  an 
extract  from  it»  and  to  insert  the  whole  would  greM* 
ly  exceed  th^  limits  which  have  been  prescrih^d  t0 
|his  treatise.  I  think  it  also  unnecessary  to  ente^ 
into  any  particular  detail  of  it,  as  tbe  excellent  work 
in  which  this  theory  is  delivered,  I  suppose  So  be  ill 
the  hamds  of  all  my  readers.  The  explanation  of  it 
will  be  found  from  the  425th,  to  the  43ad  page  of 
the  work  in  question. 

I  may  however  remark,  that  in  the  section  imme- 
diately preceding  that  in  which  he  begins  to  explain 
bis  theory,  Mr  Von  Charpentier  has  brought  under 
4)n^  view,  all  the  strongest  objections  that  can  be 
urged  against  the  theory  which  confiders  veins  to 
have  been  rents  that  Were  afterwards  filled  up  by  dif- 
ferent mineral  substances. 

§  22. 

Among  the  difierent  authors  who  have  written  on 
die  theory  of  veins,  Baumer,  counsellor  of  mines, 
also  merits  a  place.  He  treats  of  this  subject  in  his 
Geographia^  ct  Hydrographia  Subterranea  *.     What 

he 


*  Fundanenta  Geograpliiae  et  HydrographiaB  Subterra- 
neaci  ^  Jo.  Guil.  Baumer,  8vo.     Giessae  1779* 

Cluupentier's 
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he  lays  <m  tbis  subject,  though  short,  comes  terf 
near  the  truth,  as  the  followfaig  quotation  from  chap. 
sir.  (  14.  w»U  show*.  «  Veins  differ  flmn  the  stntsi 
««  of  the  lodks  in  whidi  tbeyioccuif,  kith  iridkivc^ 
«f  ^speci  to.  tbeirfotm  and*  iMr  iuhetHioe.  Thtir 
<^  fennation  is  posterior  to  -the  todk  It  appawm^ 
««  fvom  xamif  obsesmtioos*  thst  ^ley  hare  bfeeoi 
<^  foroied  under  the  ancient  sea;  ^fbrsheir  npper  ex* 
^  tfemity  ia  0&ei>  ioovcred  with  sevoB^.b^s  -of  •oU*^ 
<«  tus,  and  in  cavities  in  thesubstasfie  of  ibe  vein  wi 
<<  fiequemly  meet viith  marine^aoininb  in  a  yetriftsdi 
««  state*."     '  .      •  •      .  '  ' 


Charpentier^s  particular  theory  is  RirtHer  iHustrateJln 
his  BcobacUungen  Uber  die  LagerslSidle  der  £rze.    Leip- 

*  The  following  is  the  wh6]e  pMage.  ***  Crtm  ^  men- 
«  thim  strat)»  vexrte  tarn  materia,  quatn  forma,  ^fieraAt ; 
**  hos  aKo  tempore  ti  serins,  qnam  ipsos  montei  structas 
^  esse,  atbitror.  Hstftc  veto  structuram  jam  in  man  Tetetr 
**  absolutam  fuisse,  pluribus  argumentis  demonstrari  potest: 
^  1.  Venamm  ora  ssepius  moltis  strata  contecta  sunt,  id 
**  quod  in  Hassra  nostra  admodnm  promncunni  est,  et  renais 
"  inventtt  diffidles  reddit.  2.  Tam  ih  cryptis  vacms,  qiiam 
**  venis,  petre&cta  marina  quandoque  inveniuntur.  3.  In  sic- 
••  ca  telhiris  superficie  nulla  trypta  vacua  mineres  replctur.'* 
And  in  the  end  of  the  same  section,  he  says,  ^  Terras  lubti- 

**  les 


•  ■ 
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Ma- 
Mr  Gerhard)  privy  counsellor  of  finance,  in  his 
Essay  on  the  History  of  the  Mineral  Kingdom*, 
(teats  of  veins  and  their  mode  of  formation  in  a  very 
particular  maaner,  and  has  collected  a  number  of 
highly  interetdttg  and  instructive  facts  on  this  sub- 
ject. This  avthor,  like  most  other  geognosts,  con- 
siders veins  (iK%icfa  he  distinguishes  sufficiently  well 
irom  beds,)  to  have  originally  been  rents  in  moun- 
tains, which  were  afterwards  filled  up  with  mineral 
substances.  According  to  him,  many  causes  may 
have  contributed  in  forming  these  rents,  which  he 

F  supposes 


^  ks  &c«  aqua  marina  atratorum  fissuras  cryptis  advcctae, 
**  4renis  materiam  prscbuisse  videntur.^ 

The  observation  of  the  occurrence  of  petrifactions  in 
veins  is  a  very  iaipoctsmt  one,  and  would  have  been  of  still 
greater  consequence  had  the  place  been  mentioned  where 
they  do  occur. 

*  Carl.  Abraham  Gerhards  Vrnuch  einer  geschichte  des 
Mineral-Reichs.     Ersther  TheD,  Svo.     Berlin,  1781. 

All  that  relates  to  this  subject  will  be  Amnd  in  the 
fourth  chapter  of  this  part,  firom  f  117*  to  148.  The 
whole  of  the  chapter  is  occupied  with  the  place  and  roan« 
ner  in  which  minerals  are  found  in  the  earth,  more  partf- 
cnlarly  in  mountains. 


4*  WW.'TUBOl^J  Of  7^ 

$uppQ$e$  tq  tare  bcsn  produce^  M  yj^rf  iiffcrfsnt.gft- 

riods  of  tii;ne.  ^^  Hie  U  df^pos^  to  tlu^^  t)at  suiter- 

Taneaa  f erm^Qtations  niay  h^v^  cox^frit|Uted  t9wanl$ 

pirpducing  rents,  ^hjch,  l^ayiwg.  ))e^  ^t^w;^jds  fiU« 

ed|^  bec^qie  yeiaa.  /  In  Pfiet  ts^  l^^si^.  ^^. :"><(>">?' 

in  which  vdps.^ve  J)ep|i  .%^4,  frp,^8  fecou^w  ^ 

the  8uppp$^tion  9^  .w;*^f r.  p^i}f tt^fjog  iato  dja  g)^^ 

^t?ince  of  th^,a^|dnigg,r9ck)j  <fesg;yipg^certafl„Piti- 

ticles  with  which  it  becomes  loaded^^ji|Q4-^p«,^*j!Sf>r 

.  passing  .thro\^gh,  t^aor^^lffp^  pf  .th^tQ^^,4<^BPS»ing 

.these  p^rticjes  in  jh^.x^ts.y^ufli,  ^ .n^w.fi^.pccw- 

i??Uy.  existed  ip.thj^,  ro^k^  ai^d  ^d^jheyUi  |>e« 
carried  ,ifi;^  l^i^  state  into,  tj^sje  pifa^es  w^j;^  we 
now  find  th£0i« ,     ;  .  ..,v    i,   ^  ••  .    ♦• 

$24- 

. ,  The  sub-dir^cfp|r.  pf|miQe8>  Tfit  Von  Ttehr%  in,diiit 
J  jjQstruOive  and  ^plj^ndid  work^  entitled  Ob^erv^lioas 
-  pn.  the  Interior  p£  .Mo^taiu^,  T»  igiijf^^  ^v^y  i^^ipor* 


■•    ■  . ' 


*  ^r£»hnmgen  vom  Iimem  der  Ge)?irg«  nacU  Bcobaph- 
tungen  gesaxi>inelt  und  herausgegeben  von  Fredrich  Willieli^ 
lleinrich  von  Trebra  tnit  vielen  ilium  Kupf.  fol.  Dcssai^ 
11110  Lcipsig,  178.5. 


•ry  of  their  fb'rttiitZcm  very  mudi  HBsemMtn^'that  iJf 

■ZhnmefMan  ait^T* 'hotiijed  fttr'^''r4*,  he  tnats  df 

this  eubj^  ^  fii$'^ti^Hg'<^f 'Ks-«rdi1^,  in  a  serids 

-df  leftert  adaW»8fea  i6  Stf  Voii' VeMrtj5tn,  director  df 

ttiiliM.    Tfib''wtijl}W  A^  of  thii  -forftiati^il  of  VeiMs 

-xridmSftetaN  mm'm'  ah^^^tHl  {h^ 'third 'letter, 

in  mfmi^'^Si^'yt'  ti^'di^l«9M  of  lu^ls'in'  tire 

^foUo«^g'^6ftl*.''°'>*''^' ''"'  "■'*"''  "  ^-"''  '•  "'"   •    ' ' 

v  w  Yb;$xpii{»ii?^'tJi»|iNi^nleii!Jt(>M^''kre  bhser. 

-*»'>aHfeUi"tffc*-ifft^  16f  'tnBa^im; [it  rtukt "hd^- 

««'^e^f4  fitiii/mid^  Ihal  t'dd'^k  include  kut!h  as 

^'ire-^]tH»Jtl^''if'Mcdfate'ot^nV  f  do  liot  aVa'il 

-M  M^r^thosr gt^af  ^iis«k,  WiicW  by  '^ir  ina|- 

'*<  tritude,  the  suddenness  of  dieir  "Sctidii,   an'd  By 

**  their  effects,  produce  sudden  changes  which  take 

♦  * 

^  place  viraer  our  eyes,  such  as  subterranean  fires, 
'<<  catthquakerf,  afkl^ die  tile.  treftrAese  phenomena 
^  to  natural^tiiWeii  ^lAA;  diough  l&s^  evident  and 
**  8l6wer  Iki  tlll^  operation,  are  no  less  Certain  of 
'^'producing  a  radical  transformation.  Of  this  kind 
sre  ftortfacfi^k  and  fermentation.  It  is  of  little 
consequence  by  what  name  we  distinguish  this 
*«  pctuRa(f  adtiofa  *lfxmed  by  nature  in  the  mineral 
^<  kingdom  \  it  consists  in  an  intestine  motion  in  i^e 
<*  central  parte  •£  the  globe-,  and  af^pears  to  be  pro- 

«*  duced 


1 


j/v  Anced  byiv^ter -cemfauied^vridiJfiQQKtim  diftre^ 

-^^  degraes^'inteiialy.  .  iobosni^  Midk:diaRigeirst81 

.<»  .goiog  on,  ondkic^  oonceite  liitiiirtoJ  ccmttfiue  io 

<«  loogas  dtt  sbne>serifes.tif  ^pentibitt'eiists^itt  n^ 

««  lupew    I  ^am  [ponded  lM^ithace>haSHllttiiitlf  gb- 

j(  lin^  to.  in  •  ofuc  atontitainq  qu  iaMy ty  ief ^  «t«mtf>tiAit" 

.  *^  taons^  I  compoainttSf  ondrdedbriiposi^liij;'^ ttffiieh 

./^  not  oidyitaks  fkomt^  pMem^^hffUfJV^  iiboikvAe 

*^<  egrets,.  !pdadiKe0^lhenmiMt<>|ie<llktltraiMt|rm^ 
<*  in  the  bowels  of  the  earth ;  fermentatioii^'^'t^siyy 
'¥  fmay»  aobotdb^M^n)^  theo^jF^ilKy^thy^bti^^ass 

^^  afanictuitt^  ivhi^H  il^«fcuf]r<^OP  isahakiM^  i  g^fid^  }/i- 
.^«  deed,  bsis^'vta  otfcer  dUtbiotive  ^anii:tef  tfitti  'M 
«^  BinjKt]nrQ,.aiainfily  ^  ivgufariiylaitidipsiralldiKfn  bf 
5<  t>£its  beds,  and  in  iooie  pbtces-tt  decooipoded'felfl- 
H  qpasr  apptoac^ing  to  day;  Thil»  fetiAMifolkm  "may 
<<  also  convert  i^r/ji  tcMir/^  into  an  arjgiBaeMi§RJ  it;h!^> 
^(  which  last  may  again,  by  induratioui  become  jas- 
<<  per,  when  this  process  is  either  diminished  or 
<*  stopti     By  it  also  quartz  may  be  conrerted  into 


"  clay> 
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^•dayf  oaloaxsdttd  substances  into  quaitzv  and  the 
f  <<  whsde  toaflsc^  a  mounlaiii  hnisD  infiainmabie  or  sa- 
)f<Llme  xoatter,  orcrveiiiinlo  orcst  ttiatals,  at  semitme- 
-  *^  laid*  -To  kd  aactibe  Ae  fvfweaex^  pn^uciogy  pte- 
.^  a^iflg^^andcciBtinmng  to^form,  tfae^dlfferefit  beds 
./<  Md  mineralvrejnaitDiies  -vrhkh  ante  fonitd  bmh  in 

<^  {MnQiilive  .attdnflottzhmouatainft  :  finally  tUe  ef« 
^.^  fitfits  tiAiiclL-lCi^tKttn^  prodittt^  fOi  fikering  from 

^  abore  to  below,  andwhich'indieii.paasage'titf^ugh 
^ff'  itht  4i9i^eM^rc«lft]Aay  jindergodttme  peouIidD  *mo- 
ti^.diAcsftkiPf  >«I^ABC.!lo  fde  thai  fritici^eause'iwtly 
.  jf  thif! .  lei^nteatittiQO'  ni^y  '«ct;«&h^  lodDe  fiosce  'in 
>^<.rai^T]^: i9f  jiblft  ,^ai9«.  mounlaiB'  ^ih^n  in  iitio- 

^  M  idi .  .^4\;m#4r^  J  rt^i^arim  J  ^  They u  an»  .  ctartain 
y?  yrifl^'^Jt  ii8ic(iintam#  vh^ti^  ^conse^uenceof  m 
.^f  inteslifiet  mHiim^rOeeafUMftcdi  by  ifie  afflux  of  die 
,  ^  W9(t^»  tbfi  MckyiaDd.lhe  diAroent  fcadgn^  bodies, 
t  ^  wbetbef  ^fi  ibe  ^Mi3Uil  or  Y€gel;aUekingdfim!,  nrhich 
.]<f  ,^y  Goifii^^^nfe  gr^cooy^rfeed  inOoiA  jooney  oit^irie- 
f  fV  talllc  matM  Vblsll  is  nAlf  w  ]pi^t  the  6ubs|ainee 

.  «•  of  ti«,wcfc^  .  ....  ■    " 


'..     ,'N     .4  '     I 
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J  25. 

1  I  "      I  '  ■    ,  '    f '         *  .    t  .  .     '   »        • . 

iTie  last  audiQr  1  am  aqquainted  with  who  .has 
given  a  particul^f  ^theory  on  the  formation,  of,  veins, 

is  Lieutenant  LasJus  in  his  observations  on  the  mouti- 

» »  '      ., .  -     ^     >j    .    ^'  <   •   .   '1'      .,1     '  •      ' 

tains  of  the  Hartz  *.  He  i:on£iders  veins  to  have 
been  formed  in  the  rents  which  had  been  produced 
by  th6  revolutions  and  other  effects  of  nature.  These 
tents  he  s\ippos^s  to  have  been,  aft^r\jrards  (jlled  w|th 
water-  which,  by  containing  carbonic  acid  and  other 
ju>Ivents,   acquired  the  property  of  dissolving  such 

earthy,  metallic  or  other  .matters,  as  they  encountered 

.»    * '  •         .  1.  .     '■  s ,    '     cj..'-   .1'*'      '/  .       a 

in  tlieir  percplation  through  the  different^  strats^  of  the 
rocks^whi^ .  tj^ey^^assed  through, j^  |hej^^  wfire,  aftes- 
Tyards  precipitated,  by  certain  substanpqs  which  had 
this  property,  and  thus  were  deposited  in  the  parti- 
cular  cavities  where  they  are  now  found.     But  this 

,      '  .     '.  '  •  •      ■  i    .  .■'4,  t  '  "  ■CO  '.    i    ,T['      .!      ■    )   -j! 

.author  is  Xincertain  upon  one. point,  nan>ely«  whether 
the  waters  found  the  metallic  particles  already  fbrm- 
ed  in  the  substance  of  the  rock«  or  whether  they  en- 

ffendered 


«.•«'  .......      ...     .     , 


*  George  Otto  Siglsmund  Lasius  Bcobachlungen  liber 
ue  Harzgebirge,  als  ein  Beitrag  zur  Mineralogiscfaen  Na* 
turkunde,  -ti."«  i2,-ThcH^  8ro-.  Hanover, ■T787. 
'  l^his  tl^eor^.of,  yeips  isjn  two  paxU,  ^n^  in  this  isditton 
is  contained  in  from  p.  413.  to  427.  The  principal  part  is 
in  p.  415.  to  41& 
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.  •  '  • 

gendered  them  ;  for  after  having  delivered  the  form* 
er  of  these  opinions,  (he  adds),  <<  or  whether  the 
«  solvent  produced  on  the  minute  metallic  seeds  (if 
*<  I  may  so  express  myself  certain  modifications 
'<^*' and  changes  by  vi^hich  they  v^ti  th'dne  place 
^<  converted  into  lead,  in  another  into  si/verj  or  any 
«^  other  of  the  metals  bt  serhi-metd'S.^ 

'  i  cannot  conclude  the  history  o^  the  different  theo- 
ries'which  have  t)een  proposed  to  account  for  the 

;  I 

form<ftion  of  veihsi  without  remarking  that  it  is  to- 

die  Saxon  philosophers  and  rhiners  tliat  we  s^re  ui-» 

debted  for  these  meories.'   Agticolai  Rosier,  HeBt- 

'ieli "  Hoffman^' '  t)i)pel,  Cliafpehticr  arid  i  febra  have 

r  •     r  I         r 

tumished'all  the  information  we  possess  on  this  sub^ 
ject.  Kbrls  khis^surprising,  when  we  tefiect^'diat  it 
IS  chiefly  the  philosophers  and  miners' of  Saxony  who 
liialve  formed  a  distinct  branch  of  science  oit  the  art' of 
fhining)  who  have  carried  theii:  researches  on  this 
subject  the  greatest  length  \  and  Who  have  formed 
*somc  of  the  accessory  sciences^  as  the  art  of  smeltin«^ 
ores,  and  subterranean  geometry  *• 

'    '    I  ■'  lljli  J  i.  \       t    !■■   .    I  I  I    III   ■ 

f  The  art  of  assaying  has  been  muth  finprovcd  by  the 

labouts 


^  Tipff 


$27. 

Having  in  this  chapter  shown  die  variety  of  theo- 
ries which  have  heen  proposed  to  account  for  the 
formation  of  veins ;  I  shall  in  the  third  explain  mj 
own  theory :  the  proofs  on  which  it  rests  will  be 
given  in  die  foarth,  fifth  and  fizth  chapters  %  and  in 
Ae  eighth  I  shall  state  the  objections  which  I  have 
to  urge  against  the  theones  which  were  given  prior 
to  it. 


hboiin  of  George  Agricok,  Laftams  Erkem,  and  Modes* 
tin  Fcach9«Q«;  ^sc  two  last,  in  p^ctiiQul^,  hare  vnitlen 
veiy  usefiil  works  on  this  subject.  In  modem  times,  the 
counsellor  of  mines,  fieBert,  has  Written  a  vtcf  useful 
treatise  on  the  same  subject.  Other  ooulKxki  luive  ste 
produced  similar  works}  Cramer  in  Lower  Saxony,  and 
Scheffer  and  Bergman,  two  Svie^es,  deserve  to  be  mention* 
ed.  The  latest  work  of  this  kind  is  that  of  AuUc-coun* 
sdlor  Oitieiin» 

•  jKKi  scsewee  oi  tuDienaDoni  gicusueny  wvs  wB^mivf' 
A^olfif  RismAoH  Mis^f  WMler^  V^ielf  and  Bmr^ 
successive ;  but  brought  to  perfection  by  Offei  Kiistner^ 
and  ScheiJhauer.  The  most  recent  work  on  Subterranean 
CrMftnetrj  is  that  dtPfofessat  Lemfit* 


CUAP. 


ffte]ftj{>ri(iK  ot  viAHL 
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CHAP.  III. 


*-»    -f 


SHORT  ^CCOUKT  OF  THE.^EW  THEORY  (W  VEI^S,  AND  0& 
TH£  modi;,  of  THEUl  FORMATION. 

If  %  '  '      m  .  .... 


>■»!'    *   .'* 


All /Ttti?  vrfto'#erg  fti^AiJTyV  ifiif  of*  necessity,  ' 
T^nts  op^i|  in  theif^upper  P^Jt^  D^hicji  ha?)^  been  .^f- 

.'  *      .  "  •»*•    ni    !•.»'   .',••;•.  ',Af  T       •    '   *••  d'  "' 

'.  •'     ■         ...    -    •  t      '....« 

Rents  may  be  produced  by  many  different  causes^ 
Mcmntani^'  kave  h^Ktk-  'fipmnd-  by4  succeesiTO  acct-* 
mulatibn  of  difierem'beds  or  layers  phced  err  heaped 
upon  one  another.  The  mass  of  these  beds  was  at 
first  wet,  and  possessed  Mt^le  .coUdit|r,  so  that  iriieo, 
die  accumulation  of  matter  had  attained  a  certain 
hdght,  the  mass  of  the  mountain  yielded  to  ita 
weightj  and  must  consequently  have  sunk  and  crack* 

G  ed. 


ed.  Asthewatersix^ichfotmeriyassisteditisttpp^rting 
the  mass  of  the  mountain  begatttof  totret  Aar  lete!-; 
these  ma^es  then  kst  iheir  flbrrmer  support,  yielded 
to  the  action  of  their  weight,  and  i^egan  to  sepmte 
and  be  detached  from  the  rest  of  the 'mountain,  fiUK 
Ing  to  the  free  side,  6r  that  where  t!ie  feast  reshtancfe 
wa3  opposed.  The  ^tinldng^of  the  m^ia^'of  a'motm^ 
tain,  produced  by  desiccation,  and  still  more  by  einrthv 
quakes,  and  bth^V^Wilar  eatises,  thay  ilib  hate  <ion- 
tribiited  to  tlie  fdrtttation  of  tenfe;       >•  •    :. 


■  *Hie  same /rr>^i/a'^w»;  whia -ift^  Hfe  hwtoi^ 
fbrinedtfae  jirdta  mAiJdsdt  rdciks,  ^al^  Ae  TtifS?l« 
rab  contained  in  thes^  roclcsj,  iUrtiirfied  atod  tMd«u 
ced  the  substance'  of  vHns  >  this'  Cdol^  plac»  during  Vbo 
time,  when  the  sbhitidn  from  \frhidi  the  precipitate 
-^ Wis  formed,  covtod  the' ilreddy  ^listing  rents,  and 
which  were  as  yef  wholely  or  inr  part  empty,  imd 
open  ill  their  upper  part. 


■»       »  *  t  '  I       *     *  ■   I 


Viitu  (wh^thet*  cottlBidbred  as  ftntt;  oif  a^  At*  AfV 
Starite  con^hutmg  the  v^in,}  hate  been  produced  at 
tery  diiFerent  times,  and  the  antiquity  or  nlaiinfe  age 
of  each  dtti  be  tfasily  assigned.  .. 

The 
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« 

^I.  £v«ry  vein.  ii?hich  mtpnecff  ^notherj^  is  nitatr 
|)iai^  the  pnc  tir^«i?8ied^  ,w4  is  ^li^Ji^rmaAm  dian 
;i}l  those  v|^ch  f^  tr^verjat  s  of  conr^  diQ  0/1/fJt  t;W/9 
is^r^viTJied  hj  all  t|i95e,  tl^ai  axj^  ojj  ^^/im^  format 
iiot^  2ivAfi^  HfKffr.'^^^^i  a}iv^]fS6  .jfow  ti^^se  that  are 

.  .TjKheo,  Wq  Ti^qro^i  pije  ofj.^^ipj  .without  ^ufer- 
iag  any  deraagemes^.  pii  iot^uji^^n  ^rs^y^rses  the 
other  \  this  last  is  interrupted  and  cut  across  through 
its  whole  thickness  by  the^  farmer.  The  first  of  these 
if  said  tqk.4tnufe9r8e.t))^  9^^h  wAx\^  latter  to  be  tra- 
▼ejcsed  by  xht  f otpfej;^  '^hev.veit^  yp hich  ^ro«^se3  anoth^ar  < 
is  of  ne;w^,  iwhil^^  Jaflft  ift  qf  f^^R  for ffutio^^  ^^ce 
i3$»  ?Wi  *5r  'IiW».<3Wsing,9i^f^  w.9f  gc^  jm. 
fortajKe^  and  dcsfSf^$  1t9.be  key;|,4);i^|Sfnembpin9e  by 
all  wh^  wiiih,tft Jbf9JfP9  «K:<p)^^t(^,ijcUh  ,the  s^,^dy  of 

▼ation  of  mineralogists. 

2.  The  middle  part  of  veins  is  commonly  of  later 
formation  than  that  pottioli  which  is  nearest  their 
;waUs  I  and  what  we  find  in  th^-fSI}^ /inr/^  qf  a  vein 

is  newer  than  what  we  m^Jt  wifb,  in  the  low;^ 

< .      lit       ^ 

^.  In  a  specimen  cwnposied  qf  ^ffercqt  minerals]) 


.J 


-•I      .. 
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the  it^-^mp^sei  p$rtum  is  alli«]r»tf  «d«9tr  fcimM 
tion  than  that  on  i/riiioh  it  re9t8|  )#bioh  is  of  «eiii)fo 
older.  .  r  V 

In  cotnpotmd^sresM,  motepoirtibufaflfwhen  co«m 
posed  of  diflmat'OryftaUiaaiiBons,  it'is^aluajvofi^eni 
sequence  to  obeerre  the  pasidimraDd  (.axm^ment  ofi 
the  different  ndnttrii^ithQt  lansaBQay-kbe^ftbiefto  as6cii^ 
tain  the  relative  age  of  each.  These  observations  are 
particularly  necessary  in  d^ermining  the  formation  of 
minarais  vk  generdk  f  hsnre  alseady  laiAngr^M  stiess 
on  this  insonievdf  •!iity0dMlr«ritii^>.i«aqii(  1^ 
the  external  chiMfatMitt  of  apoAttR\dSiA^oli/uim'fk      <--' 

It  is  very  easy  «d  asceflsain-  and  ^distihgufdi  ifie  dif- 
ferent vein-forma^msi  lakea  indivMhiaU^rliiiiivKatsver 

place  we  meet  them.  -■-*;' ;^  .»    ...  j:. 

IVhen  viiftSf  ove^'  invUBtanttradflSrefttcnintcyi  eon* 

tain  flie  ^a«M^  ove9  and  Tein^stan^  aiul  wiien'  Aear 

«'  •  J  ^9uO 


I 


ji 


.    / »    *»  T'   .  '    ^.  r        ••»/■} 


r  *  See  die  Bc^grtpi^rhrts,  Jwrnal|»c  jfaffe  I*.  ^rnM^ffft 
{Trcybcrg  i?.?^,)  %  t^e  histQfjf^  cl^r^ct^^a^d  chemical 
analysis  of^patitc,  by  A.  G,  Werner,  pages  90,  91. 

f  See  Bcrgmanisches  Journal  for  1 790',  Part  II 5  t&t  ibh 
f xtemal  character  of  olivine  and  chrysolite,  p9ges  62,  ^. 


I 
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anraifaiiged  in  ^«  m9»  detennimte  order,  \ve  con* 
oladey  dttt  the]p!  belong  to  one  tinditbe  same  genecal 
formation.  Veins  are  ascertained  to  be  of  the  same 
liotoiatioiii  -wfasiidifirnviteiiala  of  whidir  tfaej  are  com- 
pne<Earo  of  theiSBmernsKure^    "fhergnatrrtbt  varif^ 

i^  of  cnbatasioes  ^  JContBiDed  in  the  ytia^  so  miidi  the 

« 

M^&ri^thedetdniiiaadoa^of  dvidpoiati    r 

' :  t « '  ildl  •pai^GUlfilr/«iiiadiitttrits  oC  Tdni|  dspend^for 
IIm  modi 'party  witfaeir  bcittg  ttled»wiik  ones  or  mfl^ 
tals,  ^vlhei^tfaia  teiaiiMp  tfeotednhf  1  j 

a.  A  particular  filling  up  from  above,  or 

i.  By  particular  interna)  Canals,  or 
.  e.  By  a]L;in&ltriM:iiuLaora8a.'the  <na^  of  ^tlie  Teiik* 
.    o.  A  mesa)^  nKc&nohay  be  increasodvby  ^e  juncMI 
of  a  new  metalliferous  vein.       .c:  Jii:  r^ 

3«  Sometimibs,  tbou^  xacdyv  tke.tiglMtess  ol  a,Tein 
may  be  die  efisct^  tao^dcctite/iattiMtian  or  ^iffimtj 
ml-  the  neighbouring  rock. 

This  last  cause  seems  to  have  taken  place  at  Kongs- 
berg  in  Norway  \  the  veins  are  richer  in  ores  there, 
^en  they'trirrerse-  particuhr  beds>of  the  mountains 
which  diil^i'  much  from  the  others,  and  are  in  th^ 
country  calle4  TalS^nder. 


\ 
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*         *  »  -  A  •  f  • 

J  34-. 

Veini  occur  hlore  ot  lifss  riumerotis  irf  particular 
districts,  which  last  difier  in  ektent.  Thfey  aW  aliJ 
only  particularly  metalllfctous  ill  cfertahi  pierces/  ttti 
occurrence  of  veins  in  such  counti?e4  depends  mu% 
upon  the  cxtrtnal  form  olF  the  ftiouhtains.  v   '^ 

1.  On  the  position  of  the  whole  cHattl  dftn^rdntaih^ 
in  respect  to  its  extent  and  declivity. 

2.  On  the  particular  position  of  die  cottnhy  Si^ffir^ 
they  occur,  .  .  ^.        ♦  ,  . 

a.  Whether  ^e  country  be  cbiiipbscd  of  Wife  ^rtji 

gentle  declivities,  and  rouiididll  or  fl^ttish^uihnAts  | 

or,  •  '     '         ^    -  -  .  •        .>...'..- 

H  "Whether  it  W  a'  place  in  a:  ptihdjpal  tdley. ' 

5  35^ 

In  one  and  the  same  country,  wt  often  find  a  nimw 
ber  of  veins  of  Viery  different  formations  ;  these  con- 
stitute what  IS  called  a  mining  district.  '   " 

The  veins  of  different  formations  which  often'  oc« 
cur  in  the  same  tract  of  country,  do  not  only  present 
traces  of  a  very  diflFerent  formation,  but  they  often 
show,  in  the  mo^  distinct  manner,  the  distinguishing 
characteristics  of  the  age  of  their  foriiiations. 

In  the  loth  chapter  of  this  treatise^  I  shall  give  aii 

account 


iCCOUMt  of  the  mimng  district  of  Preyberg,  in  which 
will  be  observed  two  classes  of  veins  very  different 
fxmn,  ct^  anptfafr^  Qne  of  these  classes  consists  •  of 
ireipswhicb,nuifromNtoS;.the  v^iosrof  this  contain 
htfi  glance;  bfapk  Uende  i  irQQ,xf)pp^ri  and  arsenic 
pyrites }  qoanz^  ,ju)4  brown  span  This  formation, 
which  constituji;es  t^e  fitsl;^  d^iposkion  of  metallic 
vejbs  in  the  distpct^  will  be  n^ore^jpar^oularly  de- 
scribed in  the  loth. (chapter.  Xfu^.  W^oni  class  of 
tetns.  whi9l^  ^Iw^^fji-.  traxer^  th^  [fonner,  and  arc  ne- 
ver crossed  by  them,  contains  lead  glance,  radiated 
{qpjtes^henvy  s{ka|;^  fl^for  spar  and  quactz:  they  stretch 
between  tlje  ^x^.^n^  pinth  h^nrs  of  the  mining 
compass.  These  will  be  taken  notice  of  in  the 
chapter  jusl,  ipen^ianiK}^  ^4er^  the  third  depot  of 
veins. 

The  mining  district  of  .Ehrenfriedersdorf  contains 
veins  of  tin  and^silvo;  glanc^e^  Th^.  tin  veins  are  always 
ttavei^e^'by  t}^f^^iYl^>^hS<4i^fi<"*w  of  ^^^  first  is  be- 
tween the  fixth  aQ4  .nipth  hour,  that  of  the  Is^t  from 
^  qij^  tq  tti^;t|^)c4  hour* 


« )  ,    .      ;  ' , . .  I 


-.   *  »    * 


;'« 


,  The  substances  w^cb  constitute  the  veins  of  a  par- 
ticular form^itipn  ^on^etjbifts  occur Ji|  differeut  man- 
ners* 

I.  Not 
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1.  Not  only  in  the  veins  peculiar  to  thia  formadoii^ 
but  alsoy 

2.  In  the  intersection  of  two  yeins  of  a  very  differ* 
ent  nature  \  often  too, 

3*  In  the  middle^  and  somedmes,  though  seldom^ 
on  one  of  the  nvalls  of  another  vein, 

5  37- 

All  the  propositions  which  have  been  advanced* 
willf  I  trust,  be  sufficiently  explained  and  established, 
not  only  by  the  proofs  to  be  adduced  in  the  foUoww 
ing  chapters ;  but  still  farther  by  the  application  o£ 
them  in  the  loth  chapter  to  the  mining  district  of 
Freyberg.  A  farther  account  of  this  theory  will  bd 
given  in  the  fifth  and  seventh  chapters* 


CHAFr 
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CHAP.  IV. 


PROOFS,  THAT  THE  CAVITIES  WHICH  ARE  NOW  OCCUPIED 
BY  VEINS  WERE  ORIGINALLY  OPEN  FISSURES. 


In  defining  veins  to  be  rents  pr^dueed  hi  roiksy  wiici 
nvere  afterHvar'ds  Jilted  from  above  mih  cerienn  lubstan^ 
ces,  two  effects  of  nature  very  different  from  one 
another  are  admitted,  both  of  which,  however,  are 
essentially  necessary  for  the  formation  of  a  vein; 
which  two  effects  have  been  produced  at  different 
periods  of  time.  In  the  first  place,  the  fissure  which 
'Veins  now  occupy  must  have  been  formed  ;  and,  se- 
condly, this  fissure  must  have  been  afterwards  filled 
up. 

To  establish  the  truth  of  the  hypothesis  advanced 
on  the  formation  of  veins,  each  of  these  efiects,  sup^ 
posed  necessary  to  their  formation^  must  be  proved* 

H  It 
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It  must  therefore  be  shown,  that  veins,  in  respect  to 
their  size,  their  position,  and  their  relation  to  eacb 
other,  bear  a  strilung  resemblance  to  the  fissures  of 
rocks ;  and,  that  in  the  lei^h  of  time  which  has 
elapsed  since  the  formation  of  our  globe,  such  fis« 
sures  must  have  been  produced,  and  that  they  are 
daily  forming,  .  But  stiU  farther,  that  substances  of 
the  same  nature  with  those  constituting  the  mass  of 
veins  are  met  with  m  other  situations ;  that  these 
substances  have  been  deposited  in  the  places  where 
they  are  now  found,  by  a  precipitation  in  the  humid 
way  J  that,,  at  the  time  of  their  precipitation,  they 
have  been  introduced  into  the  fissures  which  former* 
fy  existed,  and  were  fit  to  receive  them  \  and  lastly, 
that  the  arrangement  and  disposition  of  the  different 
f  ubstiinces  forming  the  mass  of  th^  vein,  is  such  as 
shows  that  they  have  been  introduced  from  above. 

I  begin  with  the  proposition  advanced  in  the  pre- 
ceding chapter,  at  $  25.  and  26. 

The  €avities  which  veins  now  Mtupy^  are  rents  which 
have  been  firmed  in  the  rocks  /  these  cavities  were  at 
first  fissures^  gaps,  and  rents  of  various  size,  with 
openings  in  their  upper  parts.  In  support  of  this  po- 
sition, I  shall  bring  fiHTward  the  mne /Mowing  proofs^ 
which>  I  hope,  will  remove  all  doubt  of  its  truth 

fconx 
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from  the. mind  of  e^tj  inteUigent  and  unptejUcficed 
geogm>st  and  miner. 

5  39- 

FIRST  PROOF. 

f^en  tb»  mms  tf  maieriaU  pf  vAich  the  rocks  nvere 

firmed  by  prtcipiMwn  in  the  tumid  way ,  and  vohicb 

vms  at  first  stft  and   meveMe^  hegmrn  to  sink  and  dryt 

fissures  must  rf  necessity  have  been  finrmed^  chiefly  in 

those  places  nokere  mountain  chains  and  Ugh  land 

existed* 

As>  in  the  first  place^  these  accumulated  materiato 
were  not  eijually  dense,  nor  arranged  eterywhere  of 
the  same  degree  of  thickness  and  height,  it  follows 
of  coilrse,  that  this  sinking  did  not  take  place  in  au 
uniform  manner.  From  this  di^ence  in  the  sink** 
ing  and^shrinking  of  the  solid  materials  of  our  globe» 
difierent  separations,  rents,  and  fissures,  have  been 
{produced. 

Secondly,  These  fissures  and  rents  must,  of  coutse, 
occur  more  abundantly,  where  the  greatest  quantity 
of  matter  has  been  heaped  up,  or  where  the  accumu- 
lation of  it  has  formed  those  elevations  which  are 
called  mountains ;  because  these,  being  more  at  li- 
berty, and  haying  less  support  at  their  sides,  must 
yield  to  the  consolidating  eflects  of  pressure  arising 

from 
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from  their  own  weighty  woich  must  have  produced 
interruptions  of  the  continuity  of  the  mass,  in  con^ 
sequence  of  which  veins  were  formed  in  the  lowest 
parts  I  for  the  mass  of  the  mountain  would  naturally 
incline  over  to  that  side  where  it  found  the  least  re- 
sistance *•  In  this  way  we  constantly  observe  simi- 
lar  rents  producedi  though  on  a  smaller  scale,  in  thd 
drying  of  substances  possessing  a  greater  or  less  de- 
gree of  humidity. 

The  confusion  and  disorder  which  we  often  find 
to  prevail  in  the  strata  of  mountains,  is  an  evident 
proof  of  these  vast  sinkings,  an  example  Of  which  is 
to  be  seen  in  the  strata  of  a  conglomerate  which  oc- 
curs in  the  coal  formation  of  Hainichen.  This  coo* 
glomerate  is  almost  solely  composed  of  flat  pieces 
of  clay  slate,  and  of  considerable  size  ^  having 
in  some  places  a  position  nearly  vertical,  the  same 
with  that  of  the  strata  themselves.  Now  it  is  impos- 
sible that  these  stones  should  have  been  arranged  in 
this  manner  by  the  action  of  the  water  ^  they  must 
have  therefore  tak^n  their  position  afterwards,  along 
with  the  strata* 

Lastly, 


*  Compare  what  is  here  said  ititli  $  Ji.  where  mention 
il  made  of  the  veins  at  Saal&ld. 
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La8dy»  In  mountains  of  newer  formation^  we  fire- 
qnendj  meet  with  rents  and  fissures  still  empty, 
which  are  even  sereral  inches  wide.  I  hare  not  only 
often  met  with  these  myself,  but!  find  the  same 
thing  frequently  mentioned  in  the  writings  of  mine- 
ralogists* I  shall  only  quote  one  instance  of  it  from 
a  skillful  and  cautious  obsenrer,  Charpentier,  (in  his 
Mineralogical  Geography,  p.  2S9')»  ^^  examined 
them  himself.  These  are  open  fissures  in  the  moun- 
taips  of  Kiflkftuser,  six,  eight,  or  more  inches  wide : 
one  near  the  old  castle  is  stated  by  him  to  be  several 
feet  wide  *• 

§4o. 

SBCOND  PROOF. 

lUnts  nnd  Jusura  are  Ml  formings  from  lime  to 
time,  in  mountains^  nvhich  have  a  cUse  resemblance  ta 
tiase  spaces  nwo  occupied  hj  veins.  This  happens 
chiefly  in  rainy  seasons,  and  from  earthquakes. 

In  the  year  1767,  which  was  a  very  rainy  season, 
a  very  remarkable  fissure  was  produced  near  Haini^ 
fben,  to  the  eastward  of  the  town.  In  Upper  Lusa^ 
tia,  near  the  place  of  my  nativity,  two  remarkable 

events 


^  Mineralogical  Geography  of  Saxony,  p.  359. 


events  of  a  sitftilar  kifid  happ«iitd  dttring  dit  Mkne 
jtzTi  tK)th  of  t^hich  I  mys«tf  hat«  Ken.    Tb*  m» 

N 

happened  at  W'ebrau^  Mrhere  pitt  ef  a  fhoumaki  ^ottl* 
posed  of  sandstone  sunk  several  yardsi  catrykig  sdong 
vrith  it  the  largest  trees ;  a  nartoit  fissura  was  on 
this  occasion  formed,  abote  %06  feet  long.  11i« 
othcrr  happened  two  leagties  fartbet  4pti  at  Tiefen- 
furth  in  a  sandy  soil,  where  a  fissure  was  formed^  n 
qaarter  of  a  league  long,  three  or  four  iitehes  wide^ 
and  so  deep  that  the  longest  poles  could  not  reach 
the  bottom.  A  similar  thing  happened  at  Aussig  in 
Bohemia  \  this  event,  to  the  best  of  my  recollection, 
was  attended  with  a  falling  of  the  mountain.  Notice 
is  taken  of  it  in  the  public  prints  of  the  day. 

At  the  time  of  the  great  earthquake  in  Calabria, 
rents  and  fissures  were  formed  in  great  mimber  in 
that  unfortunate  country,  accompanied  widi  sinking 
of  the  mountains.    The  particulars  of  these  events 

m 

are  narrated  in  the  different  works  which  give  an  ac* 
count  of  that  earthquake.  We  likewise  find  mention 
made  by  different  writers  of  similar  rents  and  falling 
of  mountains  which  have  happened  in  the  Alps,  in 
the  Tyrol,  in  Savoy,  and  in  Switzerland. 

It  must  at  the  same  tirne  be  obvious,  that  the  num- 
ber of  fissures  now  formed,  cannot  be  nearly  so 
great  as  those  which  took  place  at  the  first  formalion 

of 
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pf  mountains ;  for  they  cannot  be  so  easily  prodttce4 
in  rocks  vUch  haT^'  attained  a  more  firm  and  compaft 
structure  than  they  possessed  soon  after  their  first 
formation. 

J4X- 

THIBD  PROOF. 

Veins,  in  respect  of  their  f orm,  situation,  and  position, 
^  hear  a  strong  resemblance  to  rents  and  fissures  which  are 
formed  in  rocks  and  in  the  earth  ;  that  is  to  sayt  both 
have  the  same  tabular  figure,  and  the  deviations  which 
they  male/rom  their  general  direction  are  few  in  num- 
ber, and  very  inconsiderable. 

Vein3}  like  rents,  grow  narrow  towards  the  lower 
part,  and  terminate  like  a  wedge ;  their  lateral  extro* 
mities  terminate  in  the  same  manner.  Small  branches 
and  threads  often  arise  from  their  walls  and  extremi- 
ties.  When  jthey  are  of  considerable  size,  coUate^ 
ral  and  accompanying  veins  frequently,  proceed  from 
their  Ranging  and  lying. 

With  respect  to  their  position,  veins  are  either  en- 
tirely  vertical,  or  they  have  an  inclination  which  ap* 
pTOaches  nearer  to  the  vertical  than  the  horizontal 
line  i  most  of  them  have  an  inclinaticm  which  cor- 
responds with  the  declivity  of  the  mountain  ^  finally^ 

aU 
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all  the  veins  of  a  mining  district,  more  particularly 
when  they  are  of  the  same  formation,  have  a  similar 
•direction,  which  shows  them  to  have  been  produced 

by.  the  same  general  cause. 

« 

FOURTH  PROOF. 

No  one  can  doubt  that  the  small  oblong  cavities 
(gang-klQfte)  which  are  found  in  great  abundance  in 
rocks,  are  in  reality  small  rents  or  chinks;  now  there 
exists  an  uninterrupted  chlin,  from  the  narrowest 
fissure  to  the  gr^test  vein,  so  that  it  is  impossible 
to  draw  a  line  of  distinction*  between  what  is  actually 
to  be  considered  as  a  true  rent  or  fissure,  and  that 
which  is  a  vein  without  being  a  fissure. 

We  sometimes-meet  with  a  small  vein,  which  does 
not  exceed  the  thickness  of  a  straw,  completely  filled 
with  mineral  matter;  and  at  other  times  we  find  rents 
of  three  or  four  inches  wide,  which  are  perfectly 
empty. 

5  43- 

FIFTH  PROOF. 

Art  not  druses^  and  the  small  crystals  which  line 
their  walls,  only  artain  parts  <f  a  vein  which  have  not 
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^  been  filled  up^  and  consequently  the  remains  of  the 
ipc^ce  in  fvhici  the  vein  has  been  formed? 

They  hare  the  general  direction  of  the  vein  ;  are 
sometimes  several  fathoms  long,  and  proportionally 
vide ;  are  commonly  found  in  the  broadest  parts  of 
the  vein,  zrA  evidently  appear  to  have  formerly  pos« 
Bessed  greater  length  and  breadth;  but  in  conse^ 
quence  of  a  deposition  of  new  matter  happening  re* 
peatedly  on  their  walls,  they  have  become  shorter 
and  narrower,  and  in  some  instances  almost  entirely 
filled  up. 

» 

544* 

^XTH  PROOF. 

A  consideration  of  the  materials  of  which  matiy 

veins  are  composed,  proves,  in  so  incontestable  a 

manner,  that  veins  were  originally  empty  fissures* 

that  no  doubt  can  now  remain  on  the  subject. 

The  proofs  by  which  this  is  supported  are, 

I.  That  certain  veins  are  filled  by  rolled  masses, 

■ 

or  water-borne  stones.  How  could  these  have  gained 
admission  into  the  internal  parts  of  veins,  if  we  do 
not  allow  them  to  have  been  originally  open  in  their 
Superior  part? 

I  found  a  vein  of  this  kind  filled  with  rolled  pieces 
only,  in  Daniels-stollen  at  Joachimsthal  \  it  was,  in 

J  continuinj; 
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to  work  out  the  vein  £Iias,  and  carrying  on  the  ope^ 
ration  towards  the. vein  Scbweizerj  that  this  vein 
consisting  of  rolled  pieces  was  discovered  at  the 
depth  of  1 80  fathoms.  This  vein  was  14  inches  thick, 
accompanied  the  vein  Elias  for  some  time,  and  ;ivas 
almost  entirely  composed  of  rolled  pieces  of  gneiss 
of  different  sizes,  some  of  which  had  acquired  a 
shape  almo.^t  spherical  *•  I  afterwards  met  with  a 
similar  occurrence  in  the  Stoll-Refier  near  RUgelsdmf 
in  Hessia,  where  a  vein  of  cobalt,  having  a  direction 
nearly  vertical,  was  intersected  by  another  vein  al* 
most  entirely  composed  of  sand  and  rolled  pieces. 
According  to  the  observations  made  by  Mr  Schrei- 
ber,  veins  occur  in  the  mountains  of  Chalanches,  near 
Allemoht  in  Dauphin^,  which  are  entirely  filled  with 
^rolled  pieces  f* 

«  • 

2.  That  fragments  of  the  adjacent  rock  are  often 

♦ 

.  found 


.*  I  have,  taken  notice  of  veins  filled  with  roQed  pieee^ 
in  a  short  treatise,  giving  an  account  of  the  Puzzen  Wakke 
at  JoacUmsthal,  published  in  the  first  part  of  Crell^  Che- 
mical Annals  for  1789,  page  134. 

f  Bergmanisches  Journal,  Part  L  first  year,  page  27. 
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found  in  the  middle  of  the  vein,  which  shows  the  re- 

■ 

positories  to  have  been  open  fissures. 
These  fragments  of  the  rock  have  actually   the 

r 

form  of  debris  detached  from  the  walls  of  the  vein 
into  which  they  have  faHen.  Vhen  they  are  of  con- 
siderable size,  their  position  is  parallel  to  that  of  the 
rock,  or  to  the  roof  and  walls  of  the  vein ;  which  < 
mcofttrovertibly  shows  them  to  have  been  detached, 
and,  as  it  were,  pushed  into  their  present  situation 
without  having  been  rolled.  But  when  these  frag* 
ments  are  of  a  smaller  size,  they  assume  all  kipds  of 
directions,  which  proves  that  they  had  been  tumbled 
confusedly  into  an  empty  space.  It  may  be  remark- 
ed, that  it  is  only  in  rocks  possessing  a  slaty  or  fo- 
liated structure,  as  gneiss  and  clay  slate,  that  we  find 
this  peculiarity  in  the  arrangement  and  position  of  the 
fragments  and  debris  of  rocks  found  in  veins.  \ 

At  Joachimsthal,  I  observed  two  veins  filled  with 
fragments;  lyhig  confusedly,  and  without  any  deter- 
minate order.  These,  as  far  as  t  recollect,  are  the 
veins  called  Geschieber  and  Huber.  The  same  thing  is 
also  to  be  seen  in  the  Freyberg  district,  at  Rothenfurth^ 
in  the  vein  Samuel  in  the  Isaak  Erbstollen.  About 
15  years  ago,  I  observed  a  mass  of  gneiss,  about  a 
fathom  long,  and  six  inches  thick,  lying  in  a  transverse* 
4itection  in  the  saqie  vein.    The  singularity  of  this 

appearance 


'     *     s 
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appearance  made  me  point  ic  out  to  several  personS| 
and  I  could  have  wished  that  it  had  been  preserved  ^ 
but  several  years  after^  this  remarkable  fragment  was 
removed  in  working  out  the  vein.  In  almost  every 
vein  we  meet  with  larger  or  smaller  fragmei^ts  of 
the  adjoining  rock.  And,  if  I  may  judge  from  such 
specimens  as  I  have  seen  in  cabinets  of  minerals^ 
they  must  occur  in  great  abundance  in  the  lead  vein^ 
of  Stolierg,  Strasberg^  in  the  Hartz,  In  the  mine 
Gott  hUlft  gewisSf  near  K^nitz,  in  the  county  of 
Scbwantburgf  a  great  quantity  of  the  fragments  of  ^ 
schistose  rock  is  found  lying  confusedly  in  the  middle 
of  copper  pyrites. 

§46. 

This  originally  open  state  of  veins  tsshown» 
3.  By  the  occurrence  of  the  debris  of  the  sub-t 
stance  of  a  vein^  which  is  sometimes  found  in  con* 
siderable  quantity  in  th^  same  vein  $  and  which^ 
when  mixed  with  another  fossile  substance^  forms  a 
true  breccia  (triimerstein).  These  fragments  may 
have  been  introduced  into  the  vein  in  one  of  two  dif- 
ferent ways.  Firsts  The  veinj  after  its  first  formation^  \ 
may  have  been  again  opened  up ;  that  is  to  say,  a 
new  fissure  may  have  been  formed  in  the  vein,  in  the 
irection  of  the  original  one :  orj  secondly,  The  first 

vein 
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vein  may  have  been  intersected  by  one  of  newer  for^ 
mation.  In  these  two  ways  a  portion  of  the  veiif 
already  formed  may  have  been  shattered^  and  the 
fragments  have  fallen  into  the  formed  rent;  this 
(which  is  supposed  to  have  been  produced  by  some 
violent  concussion)  must  have  happened  at  the  time 
when  the  solution,  from  which  the  substance  of 
the  mineral  despned  to  fill  the  new  &ssure>  was 
present. 

I  have  frequently  met  with  phenomenal  of  thi| 
Und.  An  attentive  observer  will  often  be  able  to 
remark  the  same  tiling  in  examining  specimens  o( 
breccia  formed  by  the  matter  of  veinsi  which  are  of- 
(en  to  be  met  with  in  mineralogical  cabinets.  I  shall- 
give  three  examples  of  this  kind  from  specimens  Iq 
my  own  collection.  The  first  is  the  well  known  far 
mous  agate  in  Ifreccia  frOm  Schlotwiz  near  Ktrntrs* 
4atff.  It  is  composed  of  different  sized  fragments  of 
a  striped  agate  joined  together  by  a  cement  of 
amethyst  an4  .quartz,  and  forms  a  vein  of  consi« 
derable  size  ;  in  polished  specimens  small  pieces 
are  to  be  seen,  the  parts  of  which  correspond  so 
much,  that  it  is  evident  that  they  are  fragments  o£ 
the  same  piece.  The  second  came  from  the  mine , 
fiiilfc-Gcites  at  Memmendorf^  not  far  from  Oederafi* 

A 
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In  one  of  those  veins  there  is  a  breccia  formed 
by  an  assemblage  of  fragments  of  difierent  kinda 
ef  vein-stones,  as  heavy  spar  and  radiated  pyrites^ 
mixed  with  brown  blende  and  lead-ghmce;  these 
substances  are  united  by  a  kind  of  quartz  of  a 
spongy  and  friable  nature.  The  workmen  look  upon 
this  as  the  old  man,  (a  name  given  by  them  to  the 
atones  thrown  out  of  an  old  mine),  but  the  overseer 
considers  them  as  real  minerals ;  which  last  opinion 
is  put  beyond  the  possibility  of  a  doubt  by  the  ap- 
pearance of  the  substance,  as  well  as  by  its  lo- 
cal position.  This  rock  appears  to  have  occupied  a 
considerable  portion  of  the  vein  towards  its  roof.  I 
was  much  disappointed  on  my  visit  to  this  spotj  at- 
being  deprived  of  the  satisfaction  of  examining  more 
minutely  into  the  particulars  of  this  singular  occur- 
rence, in  consequence  of  the  vein  Y>eing  filled  with 
water,  and  at  being  reduced  to  the  necessity  of  be« 
ing  contented  with  the  inspection  of  a  variety  of  spe- 
cimens selected  from  a  heap  of  rubbish  in  the  vicini* 
ty  of  the  mine.  The  lapidaries  have  cut  and  polish- 
ed for  sale  many  small  pieces  of  it.  The  third  spe- 
cimen is  from  the  mine  Segen-Gottes  at  Gersdorf^ 
where  it  was  first  observed  by  Mr  Mendey  the  engi- 
neer,  who  presented  to  me  a  specimen  of  a  fragment 
from  the  vein.     It  consists  almost  entirely  of  small 

pieces 
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pieces  of  heavy  spar  united  by  a  cement  of  bluisb 
grey-coloured  fluor  spar,  which  is  in  some  parts 
crystaUized.  I  afterwards  descended  into  the  mine, 
and  found  in  the  roof  of  the  vein  a  large  opening,  a 
quarter  of  a  fathom  wide,  and  several  fathom^  in 
depth  and  length,  filled  with  fragments  of  thq  mass 
of  the  vein,  which  had  been  afterwards  agglutinated 
and  joined  together.  ,1  had  before  found  breccias  o£ 
the  same  kind  in  an  old  mine  at  Lorenz  Gegentrum, 
also  in  several  veins  at  Joachimsthal.  Examples  of 
this  occur  also  in  some  of  the  mines  of  the  Hartz^ 
chiefly  in  those  of  Ring  and  Silberschnur  at  ZcUer- 
feld. 

5  47- 

4.  The  occurrence  of  petrifactions  in  veins  is  an* 
odier  proof  that  they  have  been  originally  open  fis- 
sures. For  if  we  admit  petrifactions  to  be  the  re- 
mains or  impressions  of  organic  bodies,  (which  has 
never  yet  been  doubted,)  these  organic  bodies  must 
of  necessity  have  either  existed  iathe  cavities  now  oc- 
cupied by  the  veins  or  they  must  have  been  introduced 
into  them  in  their  present  petrified  states  on  either  of 
which  suppositions  it  is  evident  that  veins  ^must  have 
been  open. 

Baron  Born,  in  his  letters  on  difierent  subjects  of 

mineralogy, 
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mineralogy  written  during  his  ttaveb  in  Hungaif  | 
taientions  that  he  found  porfita  at  the  SpHlar-Haupi* 
Gang  : 

Baumer^  in  thtf  part  of  his  work  formerly  quoted^ 
mentions  that  it  is  not  an  uncommon  thing  to  find 
petrifactions  in  veins.  But  what  I  am  going  farther 
to  quote)  comes  from  a  mineralogist  who  has  studied 
die  subject  with  much  attention,  and  on  the  accura- 
cy of  whose  observations  the  greatest  reliance  may  be 
placed  f  #  At  Lohberg^  on  the  Ututruij  in  floetz  lime- 
stone 


•  Ign.  Von  Bom's  Letters  on  Mineralogical  Subjects, 
written  during  his  Travels  through  the  Bannat  of  Teme^ 
wax,  Upper  and  Lower  Hungary,  published  by  Joh.  Jac< 
Ferber*  Leipsig,  1774*  He  v\'rites  on  this  subject  in  the 
following  manner.  ^  I  must  here  take  notice  of  one  of 
^  the  greatest  curiosities  which  I  nfiet  with)  which  was  a 
*^  species  of  petrified  porpites  observed  by  ifie  in  the  princi- 
^  pal  spitlar  vein,  (Haupt-gang,)  inclosed  in  compact  cin- 
^  nabar  in  a  gallery  in  this  vein,  at  the  depth  of  89  fathoms, 
•*  reckoning  from  the  mouth  of  the  shaft  Elizabeth/' 
The  miners  assured  him  that  they  often  met  with  similar 
occurrences.  , 

The  porpites  is  a  kind  of  madrepore,  which  is  a  species 
of  coral. 

f  This  was  communicated  to  me  by  Mr  Von  Schlotheim 
of  Niederdorfstat  in  Thuringia,  who  observed  the  fact  him- 
self, and  examined  it  with  attention.     The  account  which 
he  sent  me  of  it  deserves  to  be  given  at  large  3  it  b  as  fol- 
lows. 
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•tone  rocksj  Yeins  of  marl  6se  or  six  incbet  wide 
occur*  containing  petrifactions  of  a  nature  qmte  dif« 
ferent  from  those  which  are  found  in  the  mass  of 
the  rock.  In  the  neighbourhood*  beds  are  said,  to  be 
observed  which  are  con^osed  of  the  same  mail*  wd 
which  contain  similar  petrifactions. 


u 

u 


loiTS.  '*  At  Loliberg  on  the  Unstrut^  between  tfagelstadt 
^  and  Yargdi  in  Saxon  Thuringia^  where  the  flocts 
limestone  is  exposed  to  view*  the  beds  of  coo^Mict 
limestone  are  cut  in  several  places  by  vertical  rents^ 
**  these  rents  are  in  part  open  fissures,  and  in  part  fill- 
^  ed  with  friable  marl^  in  which  petrifactions  occur  in 
**  good  preservation.  It  is  renuu-kable  that  the  compact 
**  limestone  in  the  vicinity  of  these  rents  (wh{ph  are  from 
^  five  to  six  inches  wide,)  either  shows  no  traces  of  petri« 
^  &ctionSy  or  b  fiiU  of  trochites,  whilst  the  rents  contain 
^  comua  ammonisy  terebrates  and  turbinites.  On  Hohc* 
**  berg,  situated  in  the  neighbouxhood,  between  BaUstadt 
^  and  BeirgUma,  we  find  the  same  petiifiictions  in  thin 
**  beds  of  marl,  which  alternate  with  thick  beds  of  lime« 
^  stone.  But  here  the  limestone  contains  also  comua  am- 
^  monis,  teiehratulites  and  turbioHcs,  The  rsnts  whidi  aie 
^  described  as  vertical  at  Lohberg,  have  a  direction  qistt 
^  diierent  fron%  the  inclination  of  the  beds  ol  the  "^!T*t^", 

• 

^  and  are  not  the  stcfut  beds  which  have  assuaoed  a  verti- 
^  cal  position  in  consequence  ef  the  falling  of  the  beds  of 
^  limestone.  '  Just  at  Holxberg,  the  beds  have  in  most 
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To  add  f ttrther^ 
-  5*  Roct  salt  ami  coat,  substances,  of  rery  Tecent 
formation,  and  which  are  found  in  vetns»  afford  ano- 
ther proof  that  veins  have  originally^  hetn  open  &s«- 
sures.  How  can  we  account  for  the  presence  of 
these  substances  (whose  origin  is  well  known  to  us) 
in  veins,  if  we  do  not  admit  them  to  have  been 
brought  from  without  ?  From  this,  veins  must  have 
been  originally  open  empty  spaces. 

Veins  of.  this  kind  occur  very  seldom.     But  I 
bave  met  with  at  vein  of  coal,  at  Webrau,  in  Up- 
per 


*'  places  an  inclination  of  from  75  to  8a  degrees )  whilst 
*^  here  they  lie  almost  borisontal,  and  it  is  therefore  much 
Vr  easier  to  distingubh  the  rents,  or  rather  the  veins.  I 
**  mo^  here  remark,  that  these  vdns  descend  without  in* 
*^  termption  to  a  considerable  depth,  and  only  go  a  small 
^*  way  into  the  mountuns.  The  place  where  they  are  best 
^  sebi,  was  a  few  years  ago  almost  entirely  carried  away 
**  by  a  great  flood  $  here  we  can,  in  many  places  observe 
^'  that  the  veins  go  to  a  considerable  depth,  but  do  not 
'^  extend  into  the  interior  of  the  mountain,  and  that  they 
^  disappear  in  proportion  as  the  rock  becomes  more  finn 
^  aad  compact.^ 
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per  Lasada  *j  a  quarter  of  a  fathom  thick*  which  it 
almost  Tertical  \  it  occurs  in  a  sandstone  rock,  in  that 
country  called  the  Devil's  Qiamber^  (Tettfel$-sti»-> 
ben).  This  vein  contains  several  ii^es  of  very  pure 
«oaly  but  the  rest  is  mixed  widi  much  sand.  Small 
Teina  of  rock  salt  frequently  occur  in  the  salt  ihinet 
at  Aehlen  air  the  canton  of  Berne. 

$49. 

In  the  last  place> 

6.  The  occurrence  of  the  materials  of  mountain 
rocks  in  veins^  showa  that  diey  virere  originally  open 
fissures.  Of  this  kind  are  veins  of  granite,  porphyry^ 
limestonci  basalt^  wacke,  greenstone  f  ,  and  such  like. 

For 

*  This  remaikable  coal  vein  appears  at  aninaccQeabte 
part  of  the  rock,  where  it  is  very  steep,  at  the  foot  «)f 
ifirhich  the  rivulet  Queis  runs.  I  pointed  it  oot  to  Mr  Von 
Charpentier,  counsellor  of  mines,  who  immediately  recog- 
nised it  for  a  true  vein.  He  has  described  jt  in  his  Minera- 
logical  Geography  of  Saxony,  page  7.  In  the  same  lock 
are  to  be  seen  several  other  imaller  veins,  nSt  more  than 
an  inch  wide,  which  traverse  it  in  a  variety  of  directions. 

f  I  distinguish  green/tcnffram  tienke^  and  give  the  fof- 
aer  naxae  to  those  hornblende  racks  that  occur  in  the  trap- 
ionttation,  which  like  basalt^  composes  the  tops  of  hills  hx 
over-]ymg  stratification  >  it  b  commonly  mix^  with  leU« 
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For  if  wc  admit  these  snbsUDecft  to  bxre  been'depo* 
sited  BttccessiTely  by  precipitation  in  the  httmid  vnf^ 
«id  hare  thus  constituted  the  mtn  of  ¥ocks  i  we 
cannot  suppose  them  to  have  had  a  difiereot  origin 
when  they  occur  in  yeins.  And^  if  thr;sc  svdMtanotiS. 
have  been  formed  by  precipitation  ia^  the  places  whese 
they  are  found)  it  follows  that  what  we  now  find  as 
veins  were  formerly  open  spaces* 

True 


.spar,  iddom  mth  mica.  The  hornblende  in  t&is  rock  ge-> 
jierally  occurs  in  «qsU  gnons,  seliom  in  large  gcuos,  of- 
ten in  very  small  grains.  This  last  variety  is  commonly 
more  or  less  mixed  with  the  matter  of  basalt,  so  that  it 
passes  into  true  basalt.  I  have  found  greenstone  rocks  in 
the  basaltic  mountains  at  Lobauer  in  Upper  Lusatia,  at 
Weiisener  in  Hesae^  and  at  Dransfeld  not  far  from  Got- 
&igcn.  At  Weissoer  it  occurs  on  the  Kolbe  (or  Kalbe  as 
it  is  there  pronounced )y  very  well  marked  ;  it  consists  of 
hornblende  in  large  grains,  mixed  jvith  much  feldspar  wdl 
charscterited.  It  is  there  called  iiuiiiem.  It  occurs  in 
Sweden,  in  the  rocks  of  the  trap  formation,  (by  which 
name  we  may  distinguidi  the  rocks  of  basalt,  porphyry 
slate,  amy^aloid  and  greenstene),^  according  to  the  ob- 
^rvations  commimicated  to  me  by  Mr  Nspton  on  the 
iBOuntun  Taberg  in  Sweden.  An  account^  of  these,  with 
obfcnrstions  which  I  have  added  at  considerable  length  ca 
the  same  subject,  will  be  found  in  Btrgmanisches  Joumalf 
Kcond  year,  pi^^es  aoo  j  and  2Co6» 
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True  veans^of  small  gnmular  granite  ?  occur  at  y«» 
Boihgeorgnutadt^  and  EikemUck  f,  where  they  are  im- 
properly called  irnidstone  veins*  At  Johangeoigen- 
siadt,  they  occur  in  a  ? ock  of  mica  slate^  which 
iC  fine  8l«ty»  and  are  travecaed  and  deranged  by  all 
ihe.Teina  of  aihrcr*  I  have  chiefly  remadwd  this  at 
GhhkmUmg  and  ^ttue-Friindscbe^  This  also  abowi 
that  the  silver  yeinji  are  of .  newer  fqvmatson.  Large 
veins  of  porphyry  occur  at  Marienhtrg^  chiefly  at  B^^ 
hershau.  They  are  known  by  the  name  of  sandstone 
teina*  I  have  fbund^  amongst  others,  veins  of  ha« 
salt  in  the  Phuischen^nmd. 

Veins  of  wacke  occur  in  prodigious  number  m  our 
Er%gebirgt  i  chicfiy  at  JlnttfAirg^  Wiijenthalf  and 
Joachimsthal^  they  traverse  all  ^  other  vetn*forma- 
tbnsi  and  are  consequently  newer.  I  have  met  with 
veins  of  greenstone  at  BauKsn^  not  only  in  the  neighs 
bourHood  of  the  ipree^  but  also  in  a  quarry,  near  di^ 
town,  on  the  road  to  Gifrlm, 


*  l6  fidlowB  that  this  is  a  granite  of  newer  formataon. 
+  l^fincralo^ifcheGtographk  4cr  Qhtiimc]|vscbq&  JUPI^ 
faget  a^l,  and  jpo. 
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SBTBNTH  PROOF* 

Tbe-made  aMigried  for  the  formation  of  the  spaced 
stow  occupied  by  veins»  ts  scill  farther  demonstrated 
by  the  relatbn  M^itdi  veins  have  to  one  another.    A& 

Their  intertecting  one  another ; 

Their  sfaifiting  one  another  ; 

Their  spliting  one  another  into  branches  i 

Their  joining  and  accompanying  one  anodier^ 

Th^  cutting  off  one  another. 

All  these  peculiarities  are  produced  by  the  tfectf 
^a  ttiv)  fissure  jupon  fimt  that  k  oUer^  which  had  been 
already  filled  up  in  party  or  in  whole.  It  is  very 
easy  to  account  for  all  thia  on  the  explanation  al« 
ready  given  of  their  fonnation»  but  on  no  other  hyw 
pothcsis. 

When  one  vein  intersectar  another  (which  is  a^ 
.ways  the  case  when  two  veins  cross)^  I  give  the  fol- 
lowing explanation  of  it.  There  existed  already  in  the 
fock^  a  vein  (that  is  to  say»  a  fissure  entirely  filled 
up  and  dosed,)  at  the  time  it  was  rent  again  \  tins 
;pew  fissure  has  a  different  direction  from  the  former 
pne,  is  continued  across  it,  intersects  it,  afterwards 
|>ecomes  filled  with  materials  of  a  subsequent  forma* 

tkm» 
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tion,  and  thus  forms  a  newer  vein.  The  last  or 
newer  vein  always  traverses  the  first  or  older  ^  and 
the  older  jot  first  formed  is  traversed  bj  the  last  or 
newer,  as  has  been  already  explained  at  ^  32. 

If  part  of  a  rock  which  has  been  ^us  intersected 
by  the  new  fissure,  sinks  down,  or  sufiets  any  de-r 
rangeroent,  and  carries  along  with  it  that  portion  of 
the  vein  inclosed  in  its  substance,  it  will  not  be 
found  in  the  prolongation  of  that  line  which  denotee 
the  direction  of  that  portion  of  the  vein  contained  in 
the  rock  which  has  rented  fixed.  When  diis  hap- 
pens, the  new  vein  is  said  to  derange  or  alter  the  di* 
rection  of  the  older. 

If.  there  weie  a  fiissure,  either  wholly,  or  in  part 
empty,  when  the  rock  has  been  rent  a  second  time 
in  a  direction  which  traverses  the  original  one,  then 
the  roof  and  walls  of  the  new  fissure  are  interrupted 
^d  cut  by  the  older,  and  not  being  able  to  support 
the  pressure  arising  from  their  own  weight,  they 
have  been  split  $  so  that  a  number  of  large  pieces  or 
hurge  tables  are  detached,  fall  into  the  interior  of 
the  fissure,  contract  it,  and  leave  new  spaces  be^ 
tween  themselves  and  the  walls  of  the  fissure :  diese 
new  spaces  form  so  many  lateral  fissures.  Finally, 
when  these  are  filled  up  and  closed,  and  consequent* 
ly  become  veins,  the  new  vein,  where  they  occur^ 

appeari 


So  xKir  TSEoitT  or  Tir» 

t&  be  divided;  io  the  language  of  mlnersy  tLe  vein  it 
then  ^aid  to  ramify^  or  that  it  is  composed  of  frag- 
»^zfts»  or  that  in  «ucb  a  place  it  haa  been  broken 
into  fragments^  by  such  a  vein.  The  oew  vein  may 
produce  thia  ramification  in  the  older  one»  if  it  be 
still  opetti  at  well  as  this  last  produces'  it  in  that 
%rhich  is  of  newer  Sormatton. 

When  a  new  fissure  in  a  rock  extexida  to  a  veiil 
which  pre<«xsstied  in  it,  omtinues  in  it  for  some 
way,  tpretches  through  it  into  the  adjoining  strata^ 
jtndls  aft^wards  filled  with  mineral  matter,  it  also 
becomes  a  vein  \  and  in  this  case  the  veins  are  said 
tojmnj  (sUb  schaann^  or  skh  ansdaarm)^ 

When  a  vein  continues  its  direction  close  by  the 
side  of  another,  .whether  this  be  through  their  whole   . 
extent^  or  only  for  a  short  way,  the  two  veins  are 
said  to  accompany  each  other,  fMci  ^cblipfmj. 

lastly,  when  a  vein  already  formed,  either  hf 
the  solidity  or  tenacity  of  its  substance,  prevents  a 
new  fissure,  from  extending  farther  and  stops  its  . 
course,  then  the  former  is  said  to  cut  o^  arrest,  or 
intercept  the  latteri  ( absch^eUen ^ 
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§51 


EIGHTH  PKOOF. 

The  relation  which  veins  bear  to  the  rocks  and 
beda  in  -which  they  occur^  or  the  manner  in  which 
they  are  found  in  theni^  proves  still  farther  that  they 
liave  been  fissures*  When  a  vein  traverses  the  strata 
of  a  mountain,  it  happens  almost  always  that  the 
corresponding  strata  on  its  hanging  side  are  found 
much  lower  doWn  than  on  its  lying  side  (  this  diffiBT*^ 
ence  of  level  in  the  parts  of  the  same  stratum  or  bed^ 
bears  a  proportion  to  the  size  of  the  vein,  being  zl* 
ways  greatest  in  those  which  are  of  most  considerable 
magnitude*  This  peculiarity  is  most  obvious  in  rocks 
whose  various  beds  difier  much  from  each  other  in 
colour  and  external  appearances.  This  phenomenon 
#merits  particular^  Attention  from  miners,  as  it  often 
occasions  much  embarrassment  in  practice. 

Better  marked  examples  of  this  cannot  be  seen  than 
at  Zinnwald.  Where  the  tin  beds  of  that  country 
are  traversed  by  veins,  it  often  happens  that  the  part 
of  a  bed  whidi  corresponds  to  die  hanging  side 
is  much  lower  than  that  on  the  lying  side  of  the  vein, 
and  diis  difference  is  always  greater  in  la^  than 
small  veins. 

L  This 
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This  peculiarity  presents  itself  T«ry  frequently^ 
and  in  a  very  striking  manner,  at  Saalfeld.  The 
mountains  of  bituminous  marl  slate  which  are  found 
in  that-place,  contain  a  nisntber  of  veins,  where,  at 
present,  considerable  works  are  carried  on,  and  some 
of  them  to  great  extent.  These  mountains  seem  to 
rest  upon  the  primitire  movntams  called  Ficbtdgebirge^ 
which  are  about  a  league  to  the  soudi,  and  appear 
to  form  the  foot  of  that  range.  The  Fichtelgebirge 
has  here  obtait^  the  name  of  Thilringerwald,  and 
is  of  cofiftdefable  height.  The  veins  wUdi  traverse 
the  Fhehu  rocks  in  Saalfdd  have  nearly  the  same  direc- 
tion with  the  primitive  mountains,  so  that  they  sean 
almost  parallel  to  them  :  they  have  the  same  inclina- 
tion as  that  .of  the  mountain  ;  and  the  beds  of  the 
rock  on  the  haifgtng  side  are  considerably  lower 
than  on  the  lying  side,  and  dris  difference  is  in  pro- 
portion to  the  magnitude  of  the  veins,  ^fhis  is  an  in- 
contestable proof  that  veins  were  formerly  fissures 
produced  by  the  weight  of  the  mass  of  the  rock, 
which,  giving  way  on  that  side  where  it  met  with 
least  resistance,  has  sunk  down  and  been  rent  in 
difierent  directions.  Several  fissures  in  the  neigh- 
bourhood of  these  veins  are  still  open,  from  which 
there  proceeds  a  natural  current  of  air,  in  so  strong 

r 

a  blast  as  to  extinguish  the  lights  carried  by  those 

who 
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who  pass  before  tfaem ;  in  some  places  they  scnrt 
the  purpose  of  galleries  for  running  off  the  waters. 

We  obserre  in  the  coal  mines  near  Dresden,  bedsi 
traversed  hj  veins^  diat  present  the  same  phenomena^ 
as  those  of  Zinnwald  and  Saalfeld» 

§52. 

NINTH  PROOF, 

If  we  examine  with  attention  the  interior  stnacture 
9f  yeins  that  are  composed  of  different  kinds  of  mi« 
neralsi  we  perceive  them  to  have  been  originally  open 
fissures,  which  have  been  afterwards  filled  by  de* 
grees.  Such  veins  are  composed  of  beds  arranged 
in  a  direction  parallel  to  their  sides  i  their  crystalli- 
zations show  these  beds  to  have  been  deposited  sue* 
cessively  on  each  other,  and  that  those  next  the 
walls  have  been  first  formed, 

I  have  observed  this  structure  in  many,  indeed  in 
the  greatest  number  of  veins.  In  the  district  of  Frey- 
berg  it  occurs  in  a  very  strildng  manner  in  the  veins 
Segejh-Gcites  at  Gersdoff^  in  Grtgoriust  shooting  from 
the  Aher'ffrUner'Zvfeig^  and  in  the  agate  vein  at  the 
Corallefibrucbe  near  Conradsdotf*  I  have  in  my  pos* 
session  a  specimen  from  Segen^Chttes  at  Gersdarf^  in 
which,  reckoning  from  the  middle,  (which  is  composed 
df  twQ  beds  of  calc  spar,  in  which  small  druses  occur 

hero 
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liere  and  there),  thirteen  beds  of  different  minerals 
are  arranged  in  the  same  order  on  each  side  of  the 
▼ein;  these  are  fluor-spar,  calc-spar,  heaTy-spar,  lead- 
glance,  &c*  In  the  southern  rein  Gregorius,  the 
two  beds  which  adhere  to  Ajs  sides  of  the  vein  are 
composed  of  crystallized  quartz ;  next  to  that,  on 
each  side,  is  a  bed  of  black  blende  mixed  with  iron-* 
pyrites ;  dm  is  followed  by  lead-fiance,  brown-spar^ 
lead*-glance,  grey  dhrer  ore,  red  silver  ore,  silver- 
glance  ;  the  central  part,  which,  of  course  is  most 
recently  formed,  is  of  calc-spar.  It  sometimes  hap-^ 
pens  that  one  or  more  of  the  different  beds  are  want- 
ing. 


CHAP. 


.^ 
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C  H  A  P.  V. 


farther  elucidations  of  the  proofs  brought  for- 
wardy  and  of  the  theory  resulting  from  them  'y 
and  a  refutation  of  some  objections  iklade  a- 
Cainstit. 


§53- 

In  order  to  form  a  more  correct  idea  of  the  theory 
which  has  been  given  in  die  two  preceding  chapters^' 
on  the  fmrmatkn  of  tie  cawtks  now  occt^ud  by  vehu, 
we  must  keep  it  in  remembrance,  that  sereral  rentff 
constituting  the  spaces  in  wiiich  reins  are  now  found> 
were  larger  than  at  present,. and  hare  been  since 
contracted ;  dial  others  have  bec(Hne  larger  and  lar- 
ger, perhaps  doling  the  very  time  .they  were  filling 
up ;  that  the  greater  number  of  the  old  rents  were 
abeady  filled  up,  and  consequently  shut,  at  the  time 
new  onesy  either  having  the  direction  of  the  old 

ones. 
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ones^  or  traversing  them,  were  formed ;  and  finally, 

that  similar  erenta  may  be  often  repeated. 

t 

$54- 

In  reins  which  are  wide,  and  of  considerable  size, 
t  particularly  when  their  inclination  approadies  to  the 

horizontals  the  hanging  side,  when  not  well  support- 

edy  must  yield  to  the  pressure  of  the  superincumbent 

weight :  such  a  sinking  of  the  strata  will  produce 

many  rents  and  fissures^  which  terminating  in  the 

!  principal  rent,  will  form  collateral  ones. 

j  It  is  very  probable   that  the  veins  Fr^^densteiny 

\  Itaacy   and  others,   terminating  in  the  large  vein 

I  Halsbriickner  Spath,  which  nm  in  the  rock  forming 

!  the  hanging  side  of  the  vein,  and  are  filled  with  the 

same  materials,  are  only  collateral  renta  produced  by 
the  sinking  down  of  the  hanging  side  of  the  principal 
vein.  When  the  hanging  side  of  a  vein,  yielding 
thus-  to  its  own  wnght,  £Ult  down  and  approaches 
the  walls,  it  must  of  course  diminish  the  size  of  th^ 
original  fissure.  We  often  meet  with  such  collateral 
I ;  fissures  on  the  small  scale }  in  narrow  veins  we  can 
often  follow  them  to  their  tieniiinatioo»  wluch  I  l^ive 
done  <»  many  occasions. 
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$55' 


We  meet  with  distinct  examples  of  new  rems 
fonned  in  the  direction  of,  those  of  an  older  date^ 
(either  within  their  substance,  or  by  the  side  of 
chem),  forming  with  them  the  same  individual  sub- 
stance. We  see  a  remarkable  instance  of  diis  at 
Rothenberg  near  Schwarzeiiberg,  in  the  vein  Johan^ 
niSf  where  a  part  of  the  substance  of  the  Tein,  Tery 
distinct  from  the  rest,  is  called  the  giliat  and  rotbiH 
trumiy  (the  yellow  and  red  branch)  \  at  Marienberg^ 
the  Etnbamer^ang  consists  of  two  distinct  masse^> 
the  one  composed  of  ores  of  tin,  the  other  of  silver 
ore;  and  at  Freyberg»  in  the  Hohe-Biicker  vein,  with 
its  white  and  red  branch,  (weissen  und  rothen 
trume),  and  the  Abrahana<5path  vein,  in  the  mind 
Neue  Morgenstem,  with  its  fh^m  und  spatb^ingii 
the  same  thing  occurs. 

• 

The  difierence,  sometimes  very  considerable,  ia 
the  width  and  sise  of  the  same  vein,  may  proceed 
from  the  walls  or  roof  of  a  fissure  which  runs  in  t 
curved  direction,  having  sunk  down  or  suflered  some 
«ther  dcrangen^ent,  by  which  a  concavity  has  been 

placed 
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placed  over  against  a  concavity,  and  a  convexity 
against  a  convexity ;  or  large  pieces  of  rock  may 
have  been  detached  from  the  han^ng  or  lying  sidesy 
whidi  have '  increased  the  size  of  the  fissure  in  these 
places,  and  narrowed  it  in  those  where  diey  have 
been  stopt. 

§57- 

We  can  determine  with  almost  mechanical  preci- 
sion, the  position  and  direction  of  die  force  which 
has  rent  and  produced  the  cavities  which  are  now 
occupied  by  veins.  For  if  we  consider  attentively 
the  inclination  and  direction  of  the  principal  veins  of 
the' same  formation  in  any  one  country,  which  are 
usually  almost  parallel,  but  still  more  those  of  each 
particulsu:  vein;  we  shall  be  able  to  determine  widi 
sufficient  accuracy,  die  place  from  whence  the  force 
which  has  cut  the  rock  has  proceeded,  and  also  the 
direction  which  it  has  taken.  This  force  was  nothing 
else  but  the  weight  of  a  considerable  part  of  the 
rock  itself,  which  had  not  found  sufficient  support. 
It  is, 

J*. Necessary,  that  the  force  which  has  produced 
the; rent,,  should  have  existed  in  that  part  of  the 
irock  ^hich  composes  its  hanging  side. 
'   2;  Thisforci^,  (that  is  to  say,  the  pressure  arising 

from 
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from  the  weight  of  a  mass  which  was  increasing^ 
or  which  had  not  a  sufficient  support,  or  which  had 
in  part  lost  that  support),  has  acted  by  forcing  ftiiA 
the  upper  part  of  the  rent  a  portion  of  the  rock,  and 
thrust  it  to  that  side  which  was  most  free,  and  had 
the  least  support. 

3.  The  direction  of  the  force  which  produced  the 
interruption  of  continuity,  passed  through  the  centre 
of  gravity  of  the  mass  which  acted  by  pressure,  or 
rather  of  that  mass  which  was  separated :  we  can 
easily  conceive  this  force  to  act  in  a  plane  passing 
through  the  middle  of  the  roof  of  the  rent  produced, 
and  perpendicular  to  the  principal  line  of  its  direc* 
tion ;  consequently  this  plane  must  have  also  passed 
through  the  line  of  the  inclination. 

It  would  perhaps  be  possible  to  describe  a  line  in 
this  plane  which  would  represent  pretty  nearly  the 
direction  of  the  force* 

558- 

I  come  now  to  answer  the  objections  which  have^ 
by  some  mineralogists,  been  urged  against  that  theo« 
ry  of  the  formation  of  veins  which  considers  them  to 
have  been  rents.  What,  among  other  things,  in* 
duces  them  to  entertain  some  doubt  of  this  mode  of 
formation,  is  the  intimate  connection  which  at  times 

u  takes 
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takes  place  between  different  Teins^  and  the  rock  wKicli 
includes  them.  Such  geognosts  also  reproach  me 
widi  the  occurrence  of  fissures  crossing  reins  of  a 
large  size.  But  it  is  an  easy  matter  to  repel  these 
specious  objections}  by  explaining  thb  phenomenon 
in  a  different  way. 

The  union  between  a  vein  and  the  rock,  on  some 
occasions^  is  so  intimate  as  to  give  the  appearance  of 
\    their  having  been  melted  together,  if  I  may  so  ex- 
-1  press  myself.    This  union,  I  say,  proceeds  from  their 
homogeneous  nature,  and  from  the  newness  of  their 
formation.    In  places  where  this  peculiarity  occurs, 
the  rock  has  had  a  strong  attraction  for  the  sub- 
stance of  the  vein  introduced  into  the  rent,  and  has 
become  so  intimately  mixed  with  it,  that  they  now 
appear  to  be  one  and  the  same  substance,  at  least 
it  b  not  easy  to  mark  a  line  of  separation  between 
the  rock  and  the  vein.    This  is  particularly  the  case 
with  veins  of  quartz  and  horn-blende,  when  they  oc- 
cur in  newer  gneiss  of  a  quartzy  nature ;  but  veins 
of  pyrites  in  this  rock  do  not  present  this  appear- 
ance, which  is  upon  the  whole  a  rare  occurrence. 
In  general  the  vein  and  rock  are  very  distinctly  sepa* 
rated  from  each  other,  and  there  are  sometimes  inter* 
posed  between  them  thin  layers  of  an  earthy  matter 
called  hestig.     A  vein  is  very  seldom  united  to  the 

rock 
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Yock  80  as  to  adhere  intimately  witlv  it  through  its 
whole  course  i  but  this  only  takes  place  in  certain 
parts. 

5  59- 

The  transverse  fissures  which  we  find  in  veins  are 
upon  the  whole  but  a  rare  occurrence,  and  evident- 
ly arise  from  the  following  causes.  After  veins  have 
been  c^ompletely  formed,  they  have  suffered  violent 
shocks,  which,  pursuing  the  direction  of  the  strats^ 
of  the  rock,  cross  the  vein.  The  natural  effect  of 
these  shocks  acting  unequally  on  the  substance  of  the 
vein,  has  been  to  produce  rents  and  the  transversa 
fissures  in  question. 

$6o. 

I  cannot  conceive  bow  the  great  size  or  thickness 
of  certain  veins  should  be  regarded  as  a  reason  against 
the  formation  of  veins  which  has  been  advanced.  . 

But  if  it  were  so,  we  have  only  to  consider,  tfaaC 
the  largest  veins  taken  alone,  (that  is  to  say,  taken 
without  others  that  accompany  them),  and  without 
their  branches,  do  not,  in  their  ordinary  size,  ex- 
ceed three  fathoms  in  thickness.  How  small  is  this 
thickness  when  compared  with  the  immense  volume 
of  the  mass  of  the  mountains  in  which  they  occur. 

We 
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Wc  rarely  meet  with  true  veins,  which,  taken 
singly,  exceed  a  fathon\  in  thickness.  In  the  moun- 
tains of  Fr^yberg,  among  a  hundred  veins,  I  hardly 
know  one  which  is  so  large.  In  the  prodigious 
quantity  of  veins  which  I  have  seen  in  Saxony  an^ 
elsewhere,  I  have  not  hitherto  found  one,  whose  or- 
dinary  size  is  three  fathoms  ;  it  must  be  underst094 
that  I  do  not  include  branches  or  veins. 

In  estimating  the  thickness  of  a  vein,  we  must 
not  include  the  adjacent  rock,  although  it  be  in  part 
decomposed  or  impregnated  with  the  mineral.  Nor 
is  it  proper  to  measure  the  size  of  a  vein  in  those 
places  where  it  is  of  more  than  ordinary  thickness^ 
or  where  it  branches  out.  Still  less  are  we,  in  esti- 
mating the  size  of  a  vein,  to  include  the  accompany- 
ing branches ;  for  in  these  different  ways  we  may 
find  veins  many  fathoms  thick. 

.  Hie  famous  druse  or  cavern  at  Joachimsthal  af* 
fords  an  example  of  the  prodigious  size  produced  by 
the  junctions  and  intersections  of  many  veins,  parti- 
cularly when  considerable  pieces  of  the  rock  are 
separated  by  these  intersections.  This  singular  ca- 
vity, which  is  closed  on  all  sides,  was  found  at  the 
Hohetanner  Gruhen^fildy  in  driving  the  fifth  gallery  in 
the  rich  vein  of  silver  Andreasi  at  the  depth  of  250 
fathoms  \  this  cavern  (from  which  a  large  quantity  of 

water. 
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water  flowed),  was,  according  to  report,  eleven  fa- 
thoms long,  nine  wide,  and  its  depth,  which  is  not 
yet  known,  exceeded  twelve  fathoms.  I  was  unable 
^o  advance  into  this  cavern  further  than  about  two 
fathoms  ^  because  the  bottom  was  filled  with  rubbish, 
and  the  numerous  pieces  of  rock  which  threaten  to 
fall,,  rendered  a  farther  passage  so  dangerous,  that 
no  one  is  permitted  to  attempt  it.  I  could,  however, 
very  well  see  that  it  has  the  siae  ascribed  to  it.  I 
remarked  farther,  that  it  had  a  long  flattsned  form 
like  a  vein  j  that  its  inclination  was  almost  vertical ; 
that  the  rock  which  formed  its  walls  and  roof  was 
quite  full  of  rents  ;  from  these  proceeded  the  quan- 
tity of  rubbish  and  st9nes  with  which  it  was  filled^ 
In  short,  many  veins,  and  among  the  rest,  one  of 
wacke,  traverse  it,  joining  and  crossing  each  other  at 
that  place.  From  which,  it  appears  to  me  that  this 
cavern  had  no  other  origin  than  that  which  I  h^ve 
ascribed  to  it«  Hie  rocV  in  which  it  occurs,  as  weU 
as  I  can  recollect,  b  a  kind  of  clay  slate  approaching 
to  mica  slate.  Terber  gives  a  very  particular  de- 
scription of  it  in  his  Mineralpgical  Geography  of 
Bohemia  *« 

Veins 


*  Joh.  Jac.  Ferber  Beitrage  zu  der  Mineralgeschicfatr 
von  Bolimen,  8vo«     Berlin  1 774^  pages  74  and  75. 
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VeiiM  of  an  extraordinary  $ize  are  said  to  be  foun4 
in  the  Upper  Hart?*  and  at  Scjiemnitz  in  Lower  Hun- 
gary. The  BurgiiaJiT  vein  is  sypposed  to  be  the  largest 
in  the  Hartz.  Lasius  say$^  that  in  several  places  it 
is  from  20  to  30  fathoms  wide  *,  but  he  had  before 
remarked  that  it  is  rather  to  be  considered  as  an  a^ 
aendblage  o(  a  number  of  Vf  ins  than  as  a  single  one. 
He  is  decidedly  of  opinioo  that  the  large  repository 
or  block  of  mineral  i^  the  Rammelsberg  is  not  a 
vein  ;  it  is  probable  that  this  blpck  has  been  depo- 
sited and  formed  as  a  block  or  ^parate  portion  of  th^ 
rock.  With  respect  to  the  vein  called  the  Spitalef^ 
Hauptgang,  the  largest  of  the  veins  at  SchemnitZy  Bori^ 
says»  in  the  1 83d  page  of  his  letters^  that  in  the  Pacher-i 

stolne^ 


*  In  the  second  part  of  the  work  aheady  quoted,  he 
speaks  of  it  at  pages  305,  306,  in  the  following  passage* 
^  The  country  between  Mildeman  and  Hirscheler  T^che^ 
**  near  Grube  Caroline,  may  be  considered  as  an  assem* 
*'  blage  or  tissue  of  large  veins,  or  it  may  be  regarded  as 
^*  one  single  vein  which  varies  much  in  thickness :  some 
^  of  these  veins  extend  a  mile  in  length.  The  vein  is 
^  sometimes  extremely  narrow,  as  is  the  case  at  the  place 
*'  where  the  mining  towns  of  Qausthal  and  Zellerfeld 
^  meet  j  at  other  places  it  is  fipom  20  to  30  fathoms  wide, 
^  as  at  Burgsudtj  Stufienthaler,  and  Zellerfeld/* 
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stolner  Feld,  the  place  where  it  is  largest^  it  may  be 
14  fathoms  wide,  and  1 8  if  the  wedges  or  inclosed  por- 
tions of  the  rock  be  included.  Thus,  this  Tein>  where 
it  is  of  the  greatest  size,  is  also  an  assemblage  of 
branches.  But  I  am  not  convinced  that  the  three 
large  veins  of  Schemnitz  are  true  veins.  Many  cir* 
€umstances>  and  among  others^  the  similarity  of 
their  direction  and  inclination,*  their  great  horizon** 
tality,  and  their  great  thickness,  make  me  presume 
that  they  are  metalliferous  beds* 

Besides,  when  I  come  to  reflect  on  the  immense 
extent  of  the  mass  of  the  mountains,  and  the  extra- 
ordinary force  which  must  sometimes  be  produced  by 
their  weight,  I  should  be  astonished  that  there  have 
not  been  larger  veins  than  those  I  have  just  mention- 
ed, if  I  did  not  find  a  certain  cause  for  it,  which  is 
the  following.  The  fissures  in  which  veins  are  form- 
ed, were,  to  all  appearance,  formerly  much  larger } 
but  SGT  long  as  they  remained  open,  the  rock,  prin- 
cipally that  composing  their  roof,  yielding  to  the 
pressure  of  Ae  superincumbent  mass,  must  of  ne- 
cessity have  narrowed  the  fissures,  and  reduced  them 
to  the  small  size  which  veins  now  hive. 

$61. 
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$6r 


Lastly^  I  cannot  think  that  any  one,  after  reading 
and  maturely  reflecting  on  what  has  been  said,  will 
snake  the  following  objection  to  the  theory  which 
has  been  proposed  to  account  for  the  foimation  of 
▼eins;  viz.  **  that  wh«i  two  veins  converging  in  their 
inclination,  cut  each  other,  and  are  at  a  certain  di« 
stance  traversed,  at  right  angles,  by  two  ether  veins 
that  are  distant  from  f)ne  another,  then  a  portion  of 
the  rock  of  ^  prismatic  form  is  isolated  and  separated 
from  the  rest  of  the  mass  of  the  mountain.  Now,  it 
may  be  said,  if  veins  have  originally  been  empty  fis'^ 
iures,  this  portion  pf  the  rock,  deprived  of  every 
support,  must  have  been  suspended  free  and  unat- 
tached, till  such  time  as  the  matter  which  composed 
the  vein,  ^d  which  surrounds  this  prism,  had  filled, 
in  part,  at  least,  the  fissures,  which  was  absolutely 
impossible."  I  shall  once  for  all  answer  such  an  ob- 
jection, by  saying,  that,  when  a  theory  is  to  be  com-* 
bated  by  facts,  it  is  necessary,  in  the  first  instance^ 
to  prove  these  facts,  and.  then  to  mention  where  they 
are  to  be  met  with.  Otherwise  facts  very  contrary 
to  the  nature  of  things  may  be  supposed,  or  mention- 
ed, which  have  no  existence,  and  cannot  be  jnade 

use 
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use  of  to  €ombat  an  explanation.  Such  is  precisely 
the  case  with  this  objection,  which  supposes  fissures 
diat  have  diflFerent  directions  and  dips,  and  which 
cross  each  other,  to  have  been  formed  at  the  same 
time.  Wherever  I  have  seen  veins  of  considerable 
size  crossing  each  other,  I  have  always  found  that 
they  had  been  formed*  at  different  periods.  For 
when  two  veins  of  difieren^  directions  and  inclina- 
tions meet,  one  of  them  always  intersects  the  other ; 
this  may  in  its  turn  be  traversed  by  a  third,  this  third 
by  a  fourth  of  latter  formation,  and  so  on:  in  this  way 
we  see  that  the  first  rent  had  been  filled  before  it  was 
traversed  by  the  second,  and  that  this  in  like  manner 
was  filled  before  the  third  was  formed.  I^have  inquired, 
respecting  the  manner  in  which  veins  occur  in  other 
mountains,  at  different  observers  acquainted  with 
them;  and  have  always  been  informed,  that  when 
two  veins  cross,  one  of  them  always  traverses  the 
other,  and  is  consequently  of  later  formation. 

It  is  besides  natural  to  suppose,  that  when  a  moun- 
tain is  rent  at  several  different  times,  it  has  been 
done  at  each  of  these^  by  one  and  the  same  force  act- 
ing in  the  same  direction }  so  that  all  the  veins  which 
have  been  formed  at  the  same  time  ought  to  be  pa- 
rallel, or  nearly  so.  If  this  be  really  the  case,  then, 
when  veins  cross  several  times,  or  wh^Q  they  (;o9- 

N  verge. 
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verge,  they  must  have  been  produced  at  difiertsntt 
epochs  'y  in  which  case  there  is  no  difficulty  in  re^ 
garding  these  veins  as  having  been  origindly  open 
fissures. 

We  might,  if  the  question  were  only  about  smaU 
veins,  admit  the  objection  ;  and  suppose  that  veinSf 
which  in  their  intersections  isolate  a  pottion  of  thie 
Tock,  have  been  produced  at  the  same  time.  But 
this  cannot  contradict  the  mode  ot  formation  which  we 
have  assigned  to  those  spaces  now  filled  by  veins>  viz. 
that  they  have  been  open  fissures  in  the  rock.  In 
fact,  it  is  possible  to  conceive  that  a  portion  of  the 
rock,  separated  from  the  mass  of  the  mountain  by 
fissures  which  surround  it,  might  support  itself  un-^ 
til  they  were  filled  up  with  mineral  matter,  and  till 
this  matter  was  consolidated.  For  this  purpose  ^we 
have  only  to  suppose,  diat  when  fissures  are  formed, 
there  are  always  detached  from  the  rocks  some  frag* 
ments,  which,  falling  into  these  fissures,  will  prevent 
the  contact  of  their  walls,  and  which  will  in  coase* 
quence  be  kept  separated  from  each  odier.  Besides^ 
the  walls  of  a  rent  are  not  in  general  plain,  and 
smooth,  but  rugged  and  covered  with  inequalities  : 
thus,  as  soon  as  a  fissure  is  made,  if  one  of  the  parts 
of  the  rock  that  is  rent  has  suffered  any  impulse,  it 
may  very  easily  happen  that  some  of  these  inequalir 

ties 
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uib%  may  be  opposed  to  others,  which  will  prerent 
the  divided  parts  of  the  rock  from  re-uniting,  and 
thus  form  an  open  space  between  them.  Thus  it  is 
very  possible  to  suppose  that  veins  which  surround  a 
portion  of  rock  have  been  fissures,  all  of  which  were 
formed  at  the  same  time,  and  which,  in  part  at  leastt 
were  open.   • 


CHAP. 
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PROOFS,  THAT  THE  SPACES  WHICH   VEINS  NOW  OCCUFT, 
HAVE  BEEN  FtLLED  FROM  ABOVE. 


f  \ 


§62. 

I  NOW  com»  to  the  consideration  of  the  proofs  of 
the  second  grand  proposition  of  my  theory ;  namely, 
the  following. 

The  mass  of  veins  bos  been  formed  hy  a  series  of  pre* 
cipitationSf  which  have  filled  in  nvhole^  or  in  partf  the 
spaces  now  occupied  by  veins  :  these  have  entered  by  the 
superior  parts  of  the  rents  which  were  open  ;  and  have 
been  furnished  by  a  solution  in  water ^  generally  chemical f 
which  covered  the  country  in  which  these  rents  then  ex* 
isted,  I 

I  shall  adduce  only  three  proofs  in  support  of  .this 
proposition ;  and  they  willj  I  think^  be  sufficient  to 
establish  it  entirely. 

I 
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I  lay  down,  in  the  outset,  the  fdlowing  propositt^H' 
in  geognosy,  to  show  the  incontestability  of  these 
proofs,  more  especially  the  first  of  them ;  it  18  evi- 
dent,  and  universally  received. 

All  the  floetz  mountains,  as  well  as  all  the  others 
wluch  resemble  them  in  their  stratified  structure,  and 
in  the  nature  of  their  integrant  parts;  all  such  moun- 
tains, I  say,  are  formed  by  an  assemblage  of  sediments 
and  precipitates  proceeding  from  the  waters  which  co- 
vered the  globe.  Each  of  these  depositions  has  formed 
a  particular  bed ;  and  all  these^  beds,  as  we  now  see 
them  accumulated  on  one  another,  are,  beginning 
from  below,  a  succession  of  precipitates  which  have 
been  formed  after  each  other,  or  rather  deposited 
upon  one  another. 

In  order  to  understand  perfectly,  and  be  able  to 
judge  of  the  theory  which  I  am  going  to  give,  in  its 
application  to  the  manner  in  which  veins  have  been 
filled,  or  to  the  formation  of  the  substance  composing 
diem,  it  will  be  necessary  to  have  a  just  conception  of 
die  difierence  between  a  chemical  precipitate  and  a 
mechanical  deposition:  to  have  a  perfect  idea  of  simple 
elementary  bodies  which  are  not  susceptible  of  any 
transmutation ;  to  be  acquainted  with  the  theory  of 
solution  and  precipitation  founded  upon  chemical  af- 
finities i  and  above  all,  to  know  that  the  same  indivi- 
dual 
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dual  solution  may  toivjah,  not  only  at  the  sajBDC  ^e^ 
but  also  ill  succe$&ion»  prQcipitate3  of  a  diffioi^ent 
nature* 

§63- 

FIRST  P^OOF« 

When  mountaiAs  and  whole  tracts  of  couxitry^  ia 
which  open  fissures  existed,  were  covered  by  the  wa* 
tcrs  holdupg  diSerexit  substances  in  solution,  and  whet| 
these  were  precipitated«  it  mui^  of  necessity  ha^  hap« 
penedi  that  these  precipitates  would  entei  into^  and  be 
deposited  in  the  fissures.  AU  the  beds  and  stra,ta  of 
fioetz  mount^nst  as  well  as  of  priwiUYC  mountains,  are 
precipitates  i  and  these  precipitates  (abanqst  all  ch^mi^ 
cal,  and  formed  in  the  humid  way),  woi^  furai^od  bf 
solutions  that  covered  the  tracts  of  comUs^  whence  beds 
and  strata  are  found>  axMi  even  cKteiuhld  to  a  much 
greater  distance.  As  I  have  before  ssuci^  ^siues  wese^ 
from  time  to  time,  formed  in  the  moualams,  bul 
chiefly  about  *the  period  of  theiir  first  existence  i  sp 
that  at  diflerent  times  there  existed  fissiures  whicll 
were  entirely  empty  and  open,  or  partly  filled  up<. 
Whilst  these  fissures  were  covered  with  the  solU't 
tipns,  which,  by  successive  precipitations,  have  foraaed 
the  beds  and  strata  of  the  primitive  and  floetz  moiu^ 
tains,  the  different  materials  (the  nature  of  which  vv^ 

ried 
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al  ^ifierent  times),  coittained  in  At  solutioiiy 
irere  precipitated  in  the  fissures  which  they  thus 
gradually  filled  up :  the  nature  of  these  substances 
depended  entirely  on  the  kind  of  the  precipitate 
which  formed  them,  and  consequently  also  on  that 
of  the  solution  at  the  time  they  were  formed  from  it. 
This  is  the  reason  why  we  find  in  reins  nearly  the 
same  fossSs  which  form  the  beds  and  strata  of  moun* 
tains. 

Three  important  causes,  which  it  is  necessary  not 
to  lose  sight  of  in  examining  this  theory,  may  have 
occasioned  some  difierencc  between  i}ie  matter  of 
veins  and  that  of  beda.  i.  The  precipitations  and 
depositions  which  formed  veins,  have  been  tnadd 
nfiore  tranquilly  th^  those  which  produced  beds, 
a.  Mechanical  solutions  and  depositions  have  di- 
stuf bed  the  formation  of  veins  much  less  than  that  of 
beds.  The  great  number  of  crystals,  and  the  nature 
of  fossils  found  in  veins,  show  the  formation  of  them 
to  have  been  more  tranquil,  more  slow,  and  made 
more  freely.  3.  The  ispaces  in  which  veins  are 
formed,  have  preserved  for  a  longer  time  the  faculty 
of  receiving  and  retaining  diflFerent  solutions;  and 
when  one  solution  was  exhausted,  they  may  have 
received  another:  in  this  way  veins  often  contain 
fos^iU  of  different  formations,  whilst  the  beds  of  a 

mountain 
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mountain  contain  only  those  of  one  formation ;  these 
last  are  therefore  more  uniform  in  their  mass  than 
veins* 

564. 

If  we  compare  the  substances,  which,  und^r  the 
form  of  precipitates,  constitute  the  mass  of  mouiw 
tains  with  the  mass  of  veins,  we  will  in  general,  if 
not  always,  find  a  very  striking  resemblance  between 
them.  We  find,  as  has  already  been  remarked,  at 
Johangeorgenstadt,  veins  of  granite  of  newer  forms^ 
tion;  at  Miffienbergy  veins  filled  with  newer  por- 
phyry; at  WebraUf  in  Upper  Lusatia,  there  are 
veins  of  coal ;  and  at  jiehkn,  in  the  canton  of  Berne, 
we  find  veins  of  rock  salt.  That  great  revolution 
of  nature  wluch  produced  the  mountains  of  the  trap 
formation,  has  in  all  likelihood  occasioned  a  vast 
number  of  rents ;  thus  we  find,  in  almost  all  moun- 
tsuns,  veins  filled  with  the  materials  wliich  constitute 
the  rocks  of  the  trap  formation,  as  basalt,  wacke, 
greenstone,  and  amygdaloid.  Lastly,  It  is  very  well 
known  that  quartz,  calc-spar,  and  clay  alone,  consti- 
tute veins^ 
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I  have  just  shown  that  fossils  which  are  compon« 
ly  found  constituting  the  beds  and  substance  of 
whole  mountainsi  also  constitute  the  mass  of  veins  : 
.1  shall  now  show  that  the  greater  part  of  the  other  fos- 
sils  which  form  veins,  are  also  found  in  beds.  Lead 
glance  occurs  in  beds ;  as  we  see  in  our  Erzgebirge^ 
at  Goer  and  Schvartzinierg  /  in  Sweden,  and  several 
other  places  i  bx  the  mountains  of  Cracow  and  the 
Ardennes, 

Tin  ore  is  found  in  beds  in  our  Erzgebirge,  at 
Zinnwald  and  other  pUces,  and  at  Gieren  in  Lower 
Silesia.  ' 

Ail  the  copper  ores  arc  found  in  beds,  in  primitive 
and  other  rocks.  They  occur  in  beds  in  our  Erzge- 
birge  at  Gishabel  \  in  Bohemia  at  Kupferberg ;  in  Si«- 
ksia,  the  Bannat,  Upper  Hungary,  Sweden  and  Nor- 
way. They  occur  in  the  newer  rocks  in  the  county 
of  Mansfeld,  Thuringia ;  in  the  mountains  of  Cra- 
cow, at  Medziana-Gora  }  in  the  Uralian  mountains 
in  Russia,  and  in  several  other  places. 

Brown  ironst(me  and  sparry  ironstone,  which  oc- 
cur, particularly  the  last,  so  often  in  veins,  are  to 

o  be 
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be  found  at  ELamsdorf,  Schmalkalden,  Eisenen:  aiut 
elsewherci  sometimes  in  beds^  and  sometimes-  in 
mountain  masses. 

Lest  I  should  go  too  far,  I  will  not  dwell  longer 
on  this  subject,  for  I  could  produce  similar  examples 
from  all  the  metals.  Arsenic  pyrites,  blende,  natitt 
gold,  cinnabar,  and  many  odiers,  occur  frequently  in 
beds.  I  must,  however,  further  remark,  that  the 
heavy  spar,  and  Buor  spar,  so  often  met  with  in  rtia$y 
are  also  found  m  beds  of  considerable  siaei  the 
the  former  in  Savoy,  th«  htter  lA  the  Thutinger 
Wald. 

SECOND  PROOF. 

When  veins  are  filled  with  rolled  pieces,  as  ($  44.) 
is  the  case  at  Joachimsthal,  and  other  places^*  and 
when  veins  contain  petrifactions  $  it  is  not  possible 
to  suppose  that  they  could  have  gained  admission  into 
the  vein  in  any  other  way  than  from  above. 

$67. 

THTRD  PROOK     • 

The  greater  number  of  veins  coihposed  of  different 
fossils*  are,  as  has  already  been  observed,  {j  54.), 

formed 
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formed  by  a  collection  of  beds  pavalld  to  their  walb. 
Theflie  beds  are  arranged  in  the  same  determinate 
order  on  eaeh  side  ^  the  corresponding  beds  of  botk 
sides  being  of  the  same  nature  and  thickness.  The 
beds  on  the  outer  part,  i.  e.  those  that  totto{i  the 
walls,  are  thinnest  towards  the  top,  become  thick  in 
proportion  as  they  descend,  and  stiU  lower  they  some- 
times teritiinate  by  meeting  and  joining  together. 
The  crystals,  and  their  impressions,  ^how  that  the 
beds  next  the  walls  were  first  formed  i  the  others 
followed  in  succession,  finishing  with  those  in  the 
centre,  in  which  we  often  find  druses. 

I  have  already  remarked  that  I  have  in  my  posses- 
sion three  specimens  of  veins  of  the  Freyberg  di- 
strict, in  which  the  formation  and  structure  spoken 
of  are  distinctly  marked.  Is  it  possible  to  account 
for  this  order  and  regularity  in  any  other  way  than 
by  supposing!  that  the  spaces  in  which  veins  are 
formed  have  been  filled  by  a  chemical  solution,  that 
the  nature  of  these  solutions  varied  at  different  times^ 
and  that  from  them  the  different  beds  composing  the 
vein  were  successively  formed  by  precipitates  ar- 
ranged upon  one  another?  The  first  precipitation 
having  covered  with  solid  matter  the  sides  and  bot« 
torn  of  the  cavity  in  which  the  vein  is  formed,  and 

havingji 
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having,  as  it  were,  closed  and  shut  up  the  orifices 
of  the  different  pretended  openings  which  terminat- 
ed in  the  walls  of  the  renty  how  can  we  imagine 
the  successive  solutions  to  have  entered^  but  from 
tboY^  f 
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CHAP-  VIL 


^PLY  TO  THE  OBJECTIONS  WHICH  HAVE  B££Ny  AKD 
MAY  BE  URGED,  AGAINST  THE  EXPLANATIQN  THAT 
HAS  BEEN  GIVEN  OF  THE  MANNER  IN  WHICH  VEINS 
WERE  FILLED  UP  :  AND  CONTINUATION  OF  THE  AC- 
COUNT OF  MY  THEORY  FOR  THE  FORMATION  OF  VEINS 
IN  GENERAL }  AND,  IN  PARTICULAR,  OF  THE  MANNER 
IN  WHICH  THEY  HAVE  BEEN  FILLED  WITH  MINERAL 
MATTERS. 


§68. 

It  will  perhaps  be  asked  from  what  source  the 
metallic  particles,  and  all  the  mineral  matters  which 
were  contained  in  the  vast  solutions  or  waters  which 
overspread  whole  countries,  were  derived*  Some 
will  imagine,  that,  in  proposing  this  question,  a  very 
great  objection  is  made  to  what  I  have  just  said  oa 
the  manner  in  which  veins  have  been  filled  up*    To 

this 
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this  I  reply,  that  although  we  do  not  know  from 
whence  these  particles  have  come,  this  circumstance 
does  not  prevent  us  from  perceiving  the  existence  of 
a  phenomenon,  which,  with  all  its  consequences,  i^ 
before  our  eyes.     Of  the  state  of  ignorance  in  which 
we  remain,  with  regard  to  the  origin  of  the  metallic 
and  mineral  matters,  we  never  can  avail  ourselves^ 
as  a  mean^  of  combating  the  fact  itse][f.   In  the  mean 
time,  we  must  content  ourselves  with  knowmg,  that^ 
at  certain  periods,  the  materials  which  now  consti^ 
tute  the  substance  of  veins,  were  in  reality  contain^ 
ed  in  the  sea  which  covered  our  globe  universally  i 
and  we  must  wait  with  patience  till  new  observa** 
tions  teach  us  (if  it  be  possible),  from  whence  the 
component  particles  were   derived,   and   by  what 
means  they  were  introduced  into  the  general  sol- 
vent.   In  all  researches  into  the  effects  of  nature, 
and  tlieir  causes,  as  well  proximate  ad  remote,  we  at 
last  arrive  at  the  investigation  of  ultimate  causes,  be* 
yond  which  we  cannot  proceed.    In  some  cases  it  is 
fsven  difficult  to  discover  the  remote  cause  of  certaui 
effects  and  phenomenat 

In  recapitulating  the  state  of  our  present  know- 
ledge, it  is  obvious  that  we  know  with  ceruintj^ 
that  the  ioetz  and  primitive  nEMMiotaias  have  beei^ 
produced  by  a  series  of  precipitations  an<t  Repositions 

formed 
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formed  in  succession;  that  these  took  place  froni 
water  which  coverdd  ifae  globe>  existing  always  more 
or  less  generally,  and  containing  the  different  sub- 
stances which  have  been  produced  from  them,  ($  30. 
and  62.).  We  ate  also  certain  that  the  fossils  which 
constitute  tlie  beds  and  strata  of  mountains  were  dis- 
tolved  in  this  universal  water,  and  were  precipitated 
from  it :  consequently  the  Hietals  and  mitietals  found 
in  primitive  rocks,  and  in  the  beds  of  fldetz  moun- 
tains, were  also  contained  in  this  universal  solvent, 
and  that  they  also  were  formed  from  it  by  precipita- 
tion, ($  40.  and  62.).  We  are  still  farther  certain, 
that,  at  different  periods,  difierent  fossils  have  been 
formed  from  it,  at  one  rime  earthy,  at  another  me- 
tallic minerals,  at  a  third  time  other  fossils,  ($  62. 
and  63.).  We  know  too,  from  the  position  of  thes^ 
fossils,  one  above  another,  to  determine  with  th6  ut- 
most precision,  which  are  the  oldest,  and  which  tht 
newest  precipitates  ($  62.).  We  are  also  convinced, 
that  the  soKd  mass  of  our  globe  has  been  produced 
by  a  series  erf  precipitations  formed  in  succession,  (in 
the  humid  way) ;  that  the  pressure  of  the  materials^ 
thus  accumulated,  was  not  the  same  throughout  the 
whole  ;  and  that  this  difference  of  pressure,  and  se- 
veral other  concurring  causes,  have  produced  rents  in 
the  substance  of  the  earth,  chiefly  in  the  most  ele- 
vated 
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vated  parts  o(  it3  sucface»  {j  39.  and  40.).  We  are  alte 
persuaded,  that  the  precipitates,  taking  place  from  the 
.universal  water,  must  haye  entered  into  the  open  fis- 
surcs,  which  the  water  covered  ($  30.  and  63.).    We 
know,  moreover,  for  certain,  that  veins  bear  all  the 
marks  of  fissures  formed  at  difierent  times;  and,  by  the 
causes  which  have  been  assigned  for  theit.formation^ 
($41.  42.  50.),  that  the  mass  of  veins  is  absolutely 
.of  the  same  nature  as  the  beds  and  strata  of  moun- 
tains (§  64.   tfj.),  and  that  the  nature  of  the  masses 
difitrs  only  accordkig  to  the  locality  of  the  cavity 
where  they  occur,  {§  63.).    In  fact,  the  solution  con- 
tained in  its  great  reservoir  (that  excavation  which  held 
the  universal  water)  was  necessarily  subjected  to  a  va- 
riety of  motion,  whilst  that  part  of  it  which  was  con- 
fined to  the  fissures  was  undisturbed,  and  deposited, 
in  a  state  of  tranquility,  its  precipitate. — Further, 
from  time  to  time  there  were  diffused,  in  the  general 
solution,  to  a  great  distance,  mechanical  difFusions» 
which  formed  precipitations  of  great  extent,    and 
these  have  been  mixed  with  the  chemical  precipi* 
tate }  but  as  these  mechanical  solutions  did  not  pe» 
netrate  into  the  fissures,  except  in  small  quantity, 
they  could  not   disturb  or  alter    the  precipitatioa 
there  going  on,  and  from  which  the  mass  of  the 

vein 
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teln  was  formed  in  a  state  of  tranquillity.  The  pre- 
cipitates which  formed  the  beds  of  mountains,  have, 
of  necessity,  deposited  on  the  bottom  of  the  general 
reservoir,  solid  and  compact  materials ;  whilst  the 
matter  which  composed  the  greater  part  of  the  mass 
of  veins,  being  deposited  by  degrees  on  their  walls, 
lias  there  formed  druses :  Afterwards,  minerals  of 
different  natures  have  been  successively  deposited 
upon  one  another.  These  precipitations  and  conse- 
quent crystallizations,  shortened,  narrowed,  and  even 
sometimes  completely  filled  up  the  drusy  cavities 
which  formerly  existed  (§  43.  52.  67.)- 

In  short,  the  beds  of  mountains,  formed  in  the 
manner  just  noticed,  containing  fossils  of  but  one 
formation,  must  of  course  be  very  siipple.  Veins, 
on  the  contrary,  contained,  principally  in  their  upper 
parts,  druses,  which  thus  afforded  room  for  the 
reception  of  subsequent  formations.  The  solutions 
containing  the  formations,  being  received  into  these 
cavities,  deposited  their  contents  in  them  :  from  this 
arises  the  great  variety  which  the  substances  of 
veins  present.  We  know  for  certain,  that  veins 
have  been  formed  at  very  different  times  (J  31.  50. 
53.) ;  and  that  we  can  not  only  determine  the  differ- 
ent formations,  but  even  ascertain  the  relative  age 
of  each,  (§51.  and  53.).    Lastly,  we  know  for  ce*- 

P  tsin. 
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taini  that  new  reins  have  been  formed  in  oountriet 
where  old  ones  occur  ($.  50.  and  53.)«  These  new 
ones  are  the  cause  of  sdl  the  peculiarides  presented 
bj  veinsy  in  their  in(ersections»  meetings^  junctions 
and  derangements  ($  50.  51.).  We  know  that  in 
some  veins  fissures  have  been  formed,  sometimes  on 
their  sides,  and  sometimes  in  their  middles  which 
Bew  fissures  have  been  filled  by  subsequent  forma- 
tions {§  3d.  53*  63.) :  in  this  way  are  produced  the 
varieties,  which  the  substance  of  veins,  compared 
with  beds,  exhibits. 

Such  are  the  principal  propositions  of  the  new 
theory  of  veins,  propositions  which  have  been  de- 
monstrated in  this  treatise  $  they  are  connected  with 
each  other,  they  proceed  frofm  one  another,  and  they 
are  founded  up^n  and  proved  by  the  observations 
which  have  been  brouj^t  forward*  It  appears  to  me 
tiiat  this  theory  is  a  great  step  gained  in  the  know- 
ledge of  the  nature  of  veins,  and  .consequently  in 

ft 

the  natural  history  of  our  globe,  or  in  geognosy. 
Every  application  which  may  be  made  of  the  theory 
of  veins  to  the  working  of  mines,  arises  from  the  pro- 
positions laid  down  in  the  short  recapitulation  of  it 
which  has  just  been  given.  In  the  ninth  chapter  of 
this  treatise,  I  shall  give  more  in  detail  the  applica- 
tion of  this  theory  to  the  practice  of  mining.    The 

practical 
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practical  mitiet  who  is  most  interested  in  an  exact 
knowledge  of  the  nature  of  veins,  may  be  satisfied 
with  these  principal  propositions^  their  consequences 
and  application ;  they  may  be  considered  by  him  as 
a  -safEcient  introduction  to  a  more  exact  and  careful 
study  of  veinsy  and  of  dieir  properties)  both  local 
and  particular. 

Nevertheless,  the  geognost,  though  convinced  that 
iht  integrant  particles  of  strata,  beds,  and  veins,  were 
contained  in  the  universal  waters,  will  ask  not  only 
from  whence  they  have  been  derived,  but  also  at 
what  period  they  were  introduced  into  them  ?  The 
geognost,  who  is  possessed  of  the  necessary  know« 
ledge  of  chemistry,  and  consequently  of  the  impos- 
sibility of  one  elementary  substance  being  transmuted 
into  another,  will  see  that  there  are  only  two  ways 
in  which  the  fdlowing  question  can  be  answered* 
At  what  time  the  metallic,  earthy,  and  other  sub* 
stances,  which  were,  and  still  atfe  in  part,  contained 
in  the  general  solution,  and  which  have  fiormed  de* 
^sitions  not  only  in  the  bottom  of  the  reservoir^ 
but  also  in  the  fissures  of  rocks  which  they  have 
filled ;  at  what  time,  I  say,  have  these  substances 
entered  into  the  general  solution  I  It  may  be 
answered,  either  that  these  substances  have  alto- 
gether, and  from  the  beginnings  been  contained  in 

the 
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the  universal  solvent,  or  that  they  may  hsnre  beev 
introduced  from  time  to  time»   one  after  another, 
and  that  they  may  have  been  in  it,  in  greater  or  lees 
number,  at  the  same  time ;  and  if  we  admit  the  first 
answer,  it  is  not  possible  to  understand,  why,  since 
the  solution  contained  from  the  beginning  all  the 
materials  which  have  since  been  precipitated  from 
it,  why,  I  say,  at  different  periods,  successive  depo* 
sitions  should  have  been  formed  of  so  different  a  na- 
ture, without  our  being  able  to  observe  between  two 
consecutive  precipitates,  something  that  might  show 
one  of  these  to  have  remained  longer  in  solution  than 
the  other,  or  diat  the  deposition  of  the  first  had  ne- 
cessarily occasioned  that  of  the  second.     Thus,  it 
is  not  possible  to  conceive,  why,  in  a  mountain  of 
gneiss,  the  strata  of  this  rock  should  alternate  many 
times  with  beds,  in  some  instsmces,  of  limestone,  some- 
times of  hornblende,  lead-glance,  and  other  metallic 
minerals ;  sometimes  of  magnetic  ironstone,  quartz, 
felspar,  .&c. ;  all  of  which  are  essentially  different  from 
gneiss:  sometimes  also  of  limestone,  clay,  marl,  lead- 
glance  with,  calamine,  dialk  and  flint ;  and  this  perhaps 
for  more  than  a  hundred  times  :  how  does  it  happen 
that  these  mineral  substance  are  precipitated  alternate** 
ly  and  in  succession,  yet  in  such  a  manner,  that  most 
commonly  we  do  not  find  in  any  one  of  the  beds  the 

least 
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least  vestige  of  that  which  preceded  it  ? '  It  is  there- 
fora  most  |)robable»  that  at  difierent  periods  the  uni- 
versal solvent  contained  mixtures  as  vaiioua  as  the 
different  precipitates  ;  and  that  the  univerBal  waters 
held  in  solution  at  one  time  one  substanoe,  and  at 
another,  another ;  in  a  word,  that  at  different  pe- 
riodS)  different  substances  have  entered  Into,  and 
been  retained  in  the  solution^ 
.  From  what  has.  been  said  in  this  secti<Mi|  it  mvst 
be  obvious,  that  the  natural  history  of  veins  cannot 
be  thoroughly  tinderstood  without  a  knowledge  of 
the  primitive  and  fioetz  rocks,  as  well  as .  of.  their 
mode  of  formation.  And  at  the  same  time^  that  an 
acquaintance  with  the  natural  history  of  rocks  throws 
a  great  light  on  that  of.  veii)S,  just  as  the  nati^C^llii- 
story  of  veins  elucidates  in  its  turn  that -of  rocks* 
To  study  this  subject  completely,  we  must  have  suf- 
.ficient  knowledge,  not  only  of  the  dii&rent  kinds  of 
mountains,  of  their  rocks,  of  the  peculiarities  of  their 
structure,  both  generally  and  particularly,  principally 
with  respect  to  the  different  kinds  of  formation  ^  of 
,the  relative  age  of  these  different  formations,  as  well 
.as  of  that  of  the  rocks  of  intermediate  formation,  but  . 
also  of  the  peculiarities  of  the  structure  of  rocks» 
•that  i^  to  say,  of  their  stratification  and  super-posi- 
.tion,  from  which  alone  we  can  determine  their  rela- 

*  ♦  ^ 
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tive  age.  In  studying  more  pardcularly  the  difiewnt 
rock  formations,  we  must  begin  with  the  newest, 
which  are  the  alluvial ;  and  from  these,  ascend  suc- 
cessively to  the  most  ancient.  From  the  alluTial  we 
pass  to  the  newest  fldetz  mountains,  and  so  on 
through  the  transition  to  the  oldest  primitive  moun- 
tains* The  object  and  limits  of  this  treatise  will 
not  permit  me  to  enter  more  at  large  on  this  sub* 
ject*  In  detailing  my  theory  of  veins,  I  must  sup* 
pose  my  readers  to  have  a  knowledge  of  rocks,  which 
is  indispensably  necessary  to  be  able  to  form  an  opi- 
nion of  the  theory. 

$69. 

The  following  objection  cannot  now  be  urged 
against  my  theory ;  that  when  veins  contain  at  the 
same  time  different  kinds  of  vein-stones  and  ores,  it 
is  difficult  to  conceive  from  whence  these  fossils 
have  come,  which  are  often  found  in  the  same  vein, 
and  how  the  solutions  from  which  they  were  pro- 
duced could  be  preserved  so  distinct.  I  have  suf- 
ficiently shown,  in  the  preceding  passages,  that  this 
variety  in  the  fossils  of  which  a  vein  is  composed, 
arises  in  part  from  the  substances  which  form  it, 
having  been  introduced  into  the  fissures  at  different 
periods  \  that  the  solution  which  yielded  the  precipi- 
tates 
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Cates  contsuned  different  substances  at  different  timeB 
($  ($3*  68.) }  and  that  a  part  of  the  different  fossils 
which  are  seen  in  the  same  veiny  were  in  fact  preci* 
pitated  from  one  and  the  same  solution^  some  soon» 
ert  others  bter,  and  a  few  even  at  the  same  time 
($  62.).  Further,  chemistry  showsj  that  die  same 
solution  may  contain  very  different  substsmces  ^  and 
thatt  in  a  compound  solution,  there  may  be  formed 
pot  only  at  the  same  time,  but  in  succession,  precipi-^ 
tates  of  a  very  different  nature.  From  what  has 
already  been  delivered  on  the  structure  of  veins,  and 

■ 

the  locality  of  different  fossils  that  are  found  in  the 
same  vein,  and  still  farther  what  will  be  said  in  giv- 
ing a  description  of  the  depot  of  metalliferous  veins  in 
the  district  of  Freyberg,  (chiefly  the  first  and  second), 
it  will  be  su£Bciently  plain,  that  of  the  different  fos- 
sils which  compose  a  vein,  one  part  has  been  formed 
and  deposited  at  the  same  time,  another  has  been 
produced  by  a  succession  of  precipitates  made  one 
after  another,  and  that  the  rest  have  been  formed  at 
times  very  distant  from  each  other. 

570. 

Perhaps  it  may  be  objected  to  the  new  theory, 
that,  as  has  already  been  remarked,  fragments  of 
socks  are  found  in  the  body  of  a  vein  ($.  45.).    It 

may 
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may  perhaps  be  difBcuIt  to  understand  how  the  frag* 
ments  of  a  rock  can  be  supported  in  an  empty  space, 
or  they  may  be  considered  as  proofs  of  the  theory  of 
transmutation,  that  is,  of  the  transmutation  of  the 
rock  into  the  matter  of  the  \em.  To  the  first  of 
these  difficulties  I  reply,  that  there  are  many  ways 
in  which  we  may  imagine  the  fragments  of  the  rock 
to  have  been  supported  in  the  position  and  place 
where  they  are  now  found,  and  that  in  all  probabili- 
ty it  is  sometimes  done  in  one  way,  and  sometimes 
in  another.  For  example,  it  may  sometimes  have 
happened  that'  some  of  these  fragments,  after  being 
detached  from  the  rock,  fell  into  the  fissure,  and 
haying  reached  a  part  too  narrow  to  allow  them  to 
pass,  have  been  detained  there.  At  another  time,  it 
may  have  happened,  that  after  a  fissure  was  com- 
pletely  filled  up,  another  rent  has  been  formed  ei- 
ther  in  the  sides  or  middle  of  the  first }  the  shock 
which  produced  this  effect  may  have  detached  pieces 
of  the  rock  which  fell  into  the  fissures,  and  were 
stopt  in  narrow  spaces  or  pre-existing  druses.  It 
might  farther  happen  that,  in  a  vein,  a  portion  of 
the  rock  adjacent  to  the  vein  might  have  contracted 
a  very  strong  adhesion  with  its  mass ;  and  if  this 
vein  were  again  rent  on  its  fide,  it  would  carry  along 
with  it  this  adhering  piece.  Again,  when  a  rent  is 
*  made 
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produced,  the  walls  might  have  been  split  by  the 
shock,  from  which  fragments  would  be  detached; 
either  in  isolated  pieces,  or  in  numerous  small  frag* 
ments.'  TVhen  the  fissures  came  afterwards  to1>e 
filled  up,  all  the  fragments  which  had  fallen  in  by 
the  difierent  causes  already  mentioned,  have  been 
surrounded  with,  and  enveloped  in,  the  matter  com* 
posing  the  vem.  There  is  also  a  fifth  way  of  ex« 
plaining  the  manner  in' which  the  fragments  of  rock 
have  been  supported  in  the  vein;  they  may  have 
fallen  into  the  solution  at  the  time  it  fiUed  the  fis- 
sure, and  was  depositing  the  substance  of  the  v&n  ; 
they  would  be  supported  in  this  matter,  which  was 
still  soft,  nearly  in  the  same  way  as  a  stone  thrown 
into  a  vessel  where  the  water  is  freezing,  is  support- 
ed in  the  middle  of  the  liquid  which  is  passing  into 
ice. 

We  cannot  avail  ourselves  of  this  circumstance 
of  the  fragments  of  rocks  being  found  in  veins,  as 
an  argument  in  support  of  the  theory  of  transmuta- 
tion ;  for  these  fragments  have  very  sharp  edges  and 
angles,  which  evidendy  show  them  to  have  been  de- 
tached from  the  neighbouring  rock.  Farther,  wlfen 
they  are  small,  they  %re  confusedly  mixed  together, 
and  assume  ;all  kinds  of  directions. 
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In  most  Teins,  the  rock  which  forms  the  wsih 
it  more  or  less  sl^ed  tnd  decomposed.  This  hap« 
pens  chiety  when  the  rocks  in  which  veins  occur 
are  of  granite,  sienite,  gnrias,  mica  slate,  clay  date 
and  porphyry*  In  suchr  instances,  it  is  only  one  of  the 
component  parts  of  the  rock  that  is  decomposed; 
nerer  the  quartz,  commonly  the  ffelspar,  more  fre* 
qnently  the  hornblende,  and  often  the  mica.  This 
change -sometimes  extends  to  a  oonsideraUe  depth  in 
the  substance  x>f  the  rock,  even  to  a  fathom ;  it  does 
not,  hcrwerer,  prevail  diroughout  the  whole  extent 
ef  die  vein,  but  extends  faidier  in  some  places  than 
in  others,  and  is  moet  general  in  tfaos^  places  where 
the  mineral  contains  sulphur.  It  extends  sometimes 
to  a  oonsidenble  distance  fnxn  the  point  of  contact 
of  the  mineral  with  the  rock  ;  so  that  in  following  a 
sterile  rein,  when  we  come  to  a  place  where  the 
rock  is  decomposed,  we  may  conclude,  that  we  will 
soon  find  the  metallic  mineral. 

Many  geognosts  think,  dtat  the  remarkable  change 
of  the  rock  adjacent  to  a  vein^  cannot  be  reconciled 
to  that  theory  which  regards  veins  as  open  fissures 
that  have  afterwards  been  filled  up,  but  that  it  ra- 
ther 
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ther  proves  the  mass  of  the.vein  to  have  been  pto^ 
dttced  by  a  transmutation  of  the  aubstance  of  the 
rock.  The  remarkable  difference,  however^  which 
is  finmd  between  this  altcgred  rock  and  the  mass  of 
the  vein^  contradicts  most  completely  all  idea  of 
tnmsmotation  $  fcft  die  altered  portion  contains  al- 
most always  the  same  parts,  and  in  the  same  pro* 
portions :  the  action  of  some  acid  may  hare  weaken- 
ed the  chemical  union,  and  consequently  diminished 
the  cohesion  of  the  parts ;  peifaaps,  too,  an  add  may 
have  dissohed  one  of  the  constituent  parts,  which  in 
this  way  has  disappeared ;  but  die  whole  may  still 
pwseiwe  the  same  texture,  and  the  diflference  be- 
tween the  adjacent  rock  and  the  substance  fof  the 
ictn  is  so  considerable,  that  it  docs  not  admit  of  the 
most  distant  idea  of  transmutation,  the  smallest  trace 
of  which  is  nowhere  to  be  discovered  (to  say  nothing 
of  the  chemical  imposribility  of  such  a  change). 
This  change  appears  to  have  been  etkcttd  by  the 
acdon  of  acids  which  wasted  in  the  sokidon  tknt 
farmed  the  vein,  whilst  it  filled  the  rents;  these  insi- 
nuated themselves  into  the  neighbouring  rocks,  which 
they  have  dianged  in  a  greater  or  less  degree  $  and 
so  diis  phenomenon  can  be- easily  reconciled  to  our 
theory. 

I  have  remarked  in  rocks  two  distinct  kinds  of  de- 

cqpiposition^ 


XZ4  inw  THEOKY  #F  Tir£ 

eomposittODy  proceeding,  no  doobt,  from  Ae  actioo 
of  two  dtfierent  acids.  First,  I  have  .  found, '  in 
ttountains  of  granite  and  gneiss,  the  fdspar  only  de- 
ooflopoied  and  coninerted  into  a  white  ponrehun  earth, 
whilst  the  4]uartz  and  the  mica  have  suffered  no  al- 
teration.  I  have  observed  similar  decompositions^, 
not  only  in  the  walls  of  several  vetns»  principally  of. 
those  whose  miirerals  contain  carbonic  acid,  but  aho' 
on  the  surface  of  mountains.  This  change  I  ascribe 
to  the  action  of  the  carbonic  add. 

Gneiss,  changed  in  this  way,  ia  found  in  die  walls 
of  HMrUckfUf^'Spatb^  near  Freyberg,  chieiy  in  the 
old  mines  Jobanms  and  Jacob  /  and  a  granite  duit^ 
has  undergone  a  similar  change,  is  found  in  the  walls 
of  a  vrin  of  brown  ironstmie  at  SpUzkuU^  between 
Blauentbal  and  Schneeberg*  In  the  suburbs  of  Frcy* 
berg,  on  the  road  to  the  Mumbacb^Hutte^  we  find 
gneiss  much  decomposed  on  the  surface  of  the 
mountain^  and  which  penetrates  a  considerable  way 
into  its  substance.  And  a  similarly  decomposed  gra- 
nite occurs  on  tbe  surface  of  a  mountain  at  Burtartz^ 
gruner  Stiffen^  not  far  from  Schneeberg. 
t  (The  second  kind  of  decomposition  of  rocks  occurs 
only  in  considerable  veins :  it  principally  attacks  the 
felspar  and  the  mica,  and  sometimes  hornblende^ 
when  it  meets  with  it  %  these  substances  are  convert- 
ed 
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^  iatb  akind  of  green  lithonuirge and  steatke,  which 
pass  into  another  *•  This  last  is  that  variety  of  deoom* 
position^  which  at  the  beginning  of  this  section  I  no- 
ticed. I  consider  it  as  the  efiects  of  the  sulphttric 
add*  I  have  principallj  met  with  it  ill  places  which 
abound  with  iron  pyrites. 

In  the  district  of  Freyberg^  almost  adl  the  veins  dF 
the  first,  second,  and  third  formation,  contain  this 
greenidi  gneiss  in  a  state  of  greater  or  less  decompo> 
sition.  In  the  Grund  between  Frejjherg  and  Dtti' 
dffif  we  see  rocks  pf  porphyry  fbzt  have  undergone 
this  change  in  the  neighbourhood  of  veins  of  lead- 
glance.  The  same  thing  occurs  in  a  rock  of  sienite 
at  Meisfen*  We  also  find  day  slate  in  a  similar 
state,  of  decomposition  near  a  vein  at  Mwtxigy  be* 
tween  Freyberg  and  Masien. 

Lastly,  It.  appears  to  mc  that  the  arsenical  acid 
produces  a  change  similar  to  that  induced  by  the 
sulphuric.    The  first  of  these  changes  sometimes 

produces 


^Tiiis  grcea  decomposed  rock,  is  vvfaatwas  fenoerly 
called  gneiss  in  the  Freyberg  district,  whatever  its  original 
nature  may  have  been  :  but  that  name  is  now  applied  to  a 
particiilar  species  of  rock. 
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froduces  tbe  secmd,  or  rather  they  take  pbce  at  ihit 
same  time. 

Siemte»  whick  ha«  undergone  a  decomposkioa 
intennediate  between  theee  two>  but  approaching 
more  to  the  nature  of  the  firsts  occurs  at  Abtnkerg 
in  the  Netifanger-GMrge,  near  the  jSiadweritt  in 
die  walls  of  a  tin  vein.  Keces  of  this  decompos- 
ed sienite  are  found  on  die  old  nibbiabi  or  mining 
heaps. 

§72. 

Tbe  antagomsta  of  this  theory  think  Atj  urge  a 
smog  objectitti  against  it,  when  they  alledge,  that 
die' part  o£  the  rock  adjacent  to  veins  is  often  im« 
pvegnated  with  minerals ;  and  this  circumstance  ap- 
pears to  them  the  strongest  proof  that  can  be  addu«* 
ced  in  support  of  the  opinion  wfaidi  supposes  4he 
lock  to  have  been  tzansformed  into  the  matter  of  the 
^ein.  Tet  this  phenomenon  can  be  easily  explained 
by  my  theory.  In  fact,  this  peculiarity  occurs  al- 
most always  in  disintegrated  rocks,  and  chiefly  when 
they  are  porous,  full  of  chinks  and  slaty,  and  pro- 
ceeds  from  the  attraction  of  the  rock  for  the  me- 
tallic particles  contained  in  the  solution  that  filled 
the  rents  in  which  the  veins  were  formed ;  or  rather, 

it 


9oitMATU)ir  OF  mena.  1 2} 

it  proceeds  from  the  attraction  which  the  rock  had 
for  the  solution  containing  the  conttitttent  parts  of 
minerals,  which  had  insinuated  itself  into  the  sub^ 
stance  of  the  rock. 

Most  commonly  the  minend  found  in  the  rock  oc« 
curs  under  a  sufifjicialfmrm^  (L  e.  in  thin  leaves),  which 
is  generally  the  same  shape  with  that  which  occurs  in 

f  lents  in  the  nuiss  of  a  Tein,  particularly  in  those  which 
are  between  the  vein  and  the  rock.  In  this  case,  these 
minerals  are  newer  than  the  rest  of  the  vein.  Some- 
times the  mineral  is  disseminated  through  the  rock  in 
small  gnuns,  and  then  it  is  of  the  same  formation  as 
the  vein.  This  property  which  some  ores  possess  o£ 
penetrating  into.the  empty  spaces  and  fissures  of  the 
rock,  which  terminate  in  a  vein,  is  peculiar  to  cer- 

_  tain  varieties,  chiefly  to  native  silver,  silver-glance, 
red  silver  ore,  native  copper,  tin  ore,  iron  pyrites, 
and  red  iron  ochre ;  it  seldom  happens  with  copper 
pyrites  and  lead-^ance.  The  metallic  particles  which 
are  found  in  rocks,  seem  to  have  been  carried  there 
by  the  effects  of  the  attraction  of  the  rock  for  the 
constituent  parts  of  the  mineral  sdution,  which,  en* 
tering  the  fissures  of  the  rock,  has  there  deposited  its 
precipitates :  in  explaining  this  fact,  we  may  also  ad* 
mit  ordinary  attraction,  acting  in  the  same  manner 
9s  when  it  prpd^ces  the  a^nt  of  water  in  capillary 

tubes. 
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tubes.  I  must»  however^  remark,  that  this  pheno^ 
menon  is  not  very  common,  and  that  in  those  veins 
where  it  does  happen,  it  only  occurs  in  certaun 
pbces,  very  rarely  extending  into  the  lock  above 
half  a  fathom,  most  commonly  only  a  few  inches* 

Red  silver  ore,  silver-glance,  and  native  stiver,  in 
a  superficial  form,  occur  in  a  decomposed  gneiss 
which  forms  the  walls  of  the  veins  in  the  mines  ^U» 
griin  Zweigf  and  HimnmUfurst  at  Freyberg  ;  ia  both, 
of  these  places  a  portion  of  <  the  rock  is  worked  and 
used  as  the  mass  of  the  vein.  The  mine  of  Rmmscbe^ 
AdUr^  at  Johangeorgenstadt,  formerly  contained  na» 
tive  silver  in  thin  leaves  in  great  quantity,  whidi  was 
found  in  a  rock  of  clay  slate  approaching  to  mica 
slate  ;  it  is  still  found  at  Kongsberg  in  Norway,  in 
rocks  of  gneiss,  mica  idate,  hornblende,  &c«  At 
Marienisrg,  in  the  mine  Drd'^weiber^  theie  ia  a  vein 
which  yields  copper^ghnce ;  die  adjoining  gneiss^ 
which  is  decomposed,  is  impregnated  with  ferrugi- 
nous  particles,  and  contains  native  copper  in  a 
superficial  form*  Some  time  ago,  there  was  found 
in  the  mine  Mtrgemtem^  near  Freyberg,  in  a  par* 
ticular  part  of  the  roof  of  the  vein,  a  decomposed 
gneiss  enclosing  small  leaves  of  lead-glance.  Gneiss, ' 
day  slate,  and  mica  slate,  are  often  impregnated 
with  iron  pyrites  when  it  occurs  in  veins*    When 

die 
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the  rock  which  is  in  the  vicinity  of  vdns  of  red  iron«> 
■tonei  or  of  other  veins  which  contain  much  red 
ochre,  is  decomposed,  it  is  almost  always  found  to 
be  penetrated  with  the  ochre.  Lastly,  The  part  of 
the  rock  adjacent  to  the  tin  veins  is  filled  with  grains 
of  that  metal ;  examples  of  which  are  to  be  seen  at 
Altenierg,  Eiref^riedersdotf,  and  &ier,  I  shall  af- 
terwards ($  74«)  speak  of  this  rock  impregnate^  with 
tin.     • 

$73- 

A  fact  which  has  been  noticed  by  several  writers*, 
has  been  opposed  to  my  new  theory  of  veins,  not 
only  in  respect  to  what  has  been  said  on  their  mode 
of  formation,  but  also  in  respect  of  the  manner  in 
which  they  have  been  filled.  It  is  in  treating  of  a  re-- 
matkable  peculiarity  which  the  veins  at  the  Peak  in 
Derbyshire  present,  with  respect  to  the  beds  of  amyg- 
daloid found  in  the  mountains  of  that  country.  Indeed 

R  this 


♦  In  the  above  mentioned  work,  hesays^  "  I  suppose 
^  that  the  veins  may  have  be^  deranged  and  thiown  to  a 

«<  side  by  the  beds  of  amygdaloid,  so  that  they  may  have 
'^  ramified,  and  that  these  ramifications  have  agdn  united 
«  below  the  bed/'  Vide  Whitehurst's  Theory  of  tb<5 
Earth, 
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this  fact  may  be  urged  as  an  objection  against  efsrf 
theory.  From  wiat  hat  been  said  on  these  veinsy 
they  seem  to  occor  m  floetz  limestone  ;  they  be^ 
gin  at  the  sorface^  and  trarerse  the  rock  without  in- 
temiption»  till  they  reach  » large  bed  of  amygdsdoid^ 
where  their  progress  is  stopt,  and  they  do  not  cross 
that  bed :  but^  underneath  this  bed,  the  limestone 
rock  is  again  founds  and  the  veins  are  coiitia«e4 
through  it  in  the  same  manner  as  above,  of  the  ssupo 
size»  containing  the  same  minerals^  and  having  the 
same  position ;  they  are  again  stopt  by  ^  second  bed 
of  amygdaloid  which  comes  in  their  way^  after  which 
they  contmue  Aeir  coi^rse  in  the  limestooei  observ* 
ing  always  the  same  thing  with  respect  to  the  beds 
of  amygdaloid  they  alternately  meet.  Before  at* 
tempting  any  explanation  of  this  phenomenon^  I  diall 
observe,  that  we  must  first  be  convinced  that  the 
facts  are  exactly  such  as  they  have  been  sqpresented  ^ 
and  farther^  that  on  a  more  particular  examinatioa. 
some  pecnliarities  maybe  observed,  which  may  assist 
in  giving  an  explanation  of  the  phenomenon.  It  ha» 
often  happened  to  me,  that,  in  examining  certain 
facts,  I  have  found  them  very  different  from  the  re- 
presentation which  has  been  given  of  them }  and,, 
that  upon  examination,  the  difficulties  have  altoge- 
iher  disappeared.    Several  persons  (and  among  the 

number^ 
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nmnber,  my  pupili  MriBarker,  a  native  of  Bakewell 
in  Derbyshire^  and  an  eye-witness),  have  informed 
me»  that  in  several  places,  the  veins  do  actually  tra^ 
▼arse  the  beds  ol  amygdaloid.    Tixe  same  thing  has 
been  observed  by  Mr  Pilkington  in  the  first  part  of 
his  Natural  History  of  Derbyshire  (1790.).     But 
supposing  the  fact  to  be  as  it  i9  represented,  that 
veins  do  not  traverse  the  beds  of  amygdaloid  :  not- 
iritfastaaidtng  the  great  thickness  and  hardness  which 
these  beds  have  in  some  places,  and  which  in  othen 
is  very  inconsiderable,  it  is  not  impossible  but  that 
when  the  rent,  in  extending  through  the  rock,  ar- 
rived at  the«e  thick  and  ^ry  compact  parts,  it  may 
not  havt  been  continued  ^  but  at  a  certain  distance, 
and  where  the  bed  was  thinnest  or  less  firm,  it  may 
have  been  traversed  by  the  rent.    Ferber,  who  had 
been  informed  of  this  phenomenon  by  Whitehurst, 
thought,  that  in  some  places  the  beds  of  toadstone 
were  split,  and  that  by  means  of  these  fissures,  the  ^ 
upper  part  of  the  vein  communicated  with  the  lower* 
Future  observations,  madewidi  accuracy,  and  in  suf- 
ficient number,  will  throw  farther  light  on  this  sub- 
ject.    It  is  surprising,  that  amid  the  immense  nnm* 
her  of  observations  made  on  veins,  nothing  similar 
to  this  has  hitherto  been  observed  in  any  other  ' 
place. 
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Some  geognosts  still  entertain  doubts  on  the  new 
theory  of  veins,  from  observing,  that  so  little  has 
been  discovered,  and  is  known,  of  the  precipitates 
formed  from  the  solutions  which' have  furnished  the 
mass  of  veins.  We  ought,  say  they  also,  frequendy 
to  meet  with  precipitates  in  the  form  of  beds,  whose 
substance  should  bear  some  analogy  to  the  matter  of 
veins.  *  I  reply  to  this  objection,  by  requesting  such 
persons  to  observe  how  scanty  a  stock  of  facts  we 
are  possessed  of  on  this  subject ;  how  difficult  it  is 
to  make  observations  on  it  in  an  accurate  manner^ 
in  order  to  give  positive  results*  It  will  not 
be,  till  well  informed  and  skilful  geognosts  shall 
have  made  correct  observadons,  continued  for  many 
years,  in  different  countries,  and  in  various  parts  of 
the  world,  on  metals,  ores,  and  other  fossils,  as 
well  as  on  the  maimer  in  which  they  are  disposed 
with  respect  to  one  another ;  and  it  will  not  be  till 
these  observations  are  compared  together  j  that  it 
will  probably  be  found  that  the  greater  part  of  the 
principal  formations  of  veins  (viz.  the  ores  and  vein-r 
^tpn^s  of  which  they  consist),  occur  also  in  beds. 
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This  has  already  been  confinned  by  obserYation, 
unth  respect  at  least  to  some  minerals. 
.  In  the  valley  of  Lahn^  we  find  mineral  beds  of 
the  same  nature  widi  the  vein-formations  which  oc- 
cur in  the  Hartz»  lying  between  beds  of  grey  wacke 
and  clay  slate :  these  consist  of  lead-glance»  grey 
copper  ore^  brown  blende,  sparry  ironstone  and 
quartz.  In  the  Bannat  if  Temesnoar^  the  same  for- 
matkm  is  said  to  occur  in  beds,  which  is  found  in 
veins  in  FoigtJamlf  the  country  of  Bareuth^  the  Hartz 
near  Lauterberg^  and  in  Wesierwald.  This  formsH 
tion  consists  of  copper  pyrites,  red  ochre  of  copper, 
malachite,  compact  brown  ironstone  and  quartz. 
The  formation  of  liver  pyrites,  sparry  ironstone  and 
heavy  spar,  of  m^ch  we  see  so  many  veins,  consti- 
tutes the  substance  of  rocks  and  beds  at  Kamsdorf^ 
ScbnuJkaUin^  Ehtener%  in  &f m,  and  at  Huttenberg 
in  Corinibia*  We  ^have  already  remarked  how  the 
older  metalliferous  solutions  which  covered  the  moun- 
tains deposited  minerals  in  the  form  of  beds  ($  54* 
65.).  What  a  prodigious  number  of  beds  of  iron  and 
copper  pyrites  is  there  not  in  Sweden  and  Norway, 
which  were  formerly  considered  as  veins !  There  are 
some  countries  in  which  whole  ranges  of  mountains 
are  entirely  composed  of  ores ;  as  at  Rammebherg 
near  Goslar,  and  Sfhianfenberg  in  Siberia*    In  several 

places 
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places  in  Saxony,  metaUiferons  beds  also  occur.  AO 
the  frontier  of  Bohemia^  near  Gattergakf  in  gdmg 
kotti  Johangeorgenstadt  to  Brekenhrortf  ScbwartiUfdirgp 
RascbaUf  JS/ter/nn,  and  GoiTf  ail  the  way  to  Ebrm^ 
friidersiorf  ^xA  Tbum^  oontsuns  an  immense  quantity 
of  beds  of  tinstone,  lead^glance,  iron  pyrites,  and 
iron-ore.  The  country  around  Giabubd  contains  abo 
many  beds  of  copper  ore,  lead»glance,  and  ironBtoa€« 
There  are  many  mineral  repositories  in  our  moun* 
tains,  but  it  has  not  yet  been  aacertained  whether 
they  are  beds  or  Veins.  The  greater  part  of  the  mi* 
neral  repositories  in  die  county  of  G'emirer^  and 
Z^  in  Upper  Hungary,  which  contain  copper  py* 
rites,  grey  copper  ore,  sparry  ironstone  and  cobalt, 
are  (according  to  the  account  of  well-informed  6b-* 
servers,  and  the  specimens  I  have  seen),  beds.  At 
present  I  pass  over  many  other  countries.  But  we 
have  only  to  consider  with  more  attention  several  of 
the  mineral  masses  that  occur  in  beds,  to  compare 
them  with  the  vein  formations  already  known,  and 
we  shall  in  general  be  able  to  discover  a  strong  ana^* 
logy  and  resemblance  between  veins  and  beds. 

In  tlus  investigation,  it  must,  however,  be  held  in 
remembrance,  that  many  mineral  beds  vdiich  con-> 
tained  the  same  substances,  as  certain  vein  forma- 
tions, may  have  been  destroyed  by  nature,  just  as 

has 
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bfts  happened  to  some  of  the  other  parts  of  moun* 
tains.  Fardier^  that  the  formation  of  several  beds  of 
ores  and  other  fossils  has  not  been  generally  extend- 
ed over  the  whole  of  the  surface  which  was  covered 
vndk  the  solution  from  which  these  precipitates  have 
been  formed.  Agab>  that  the  top  or  surface  <£ 
«anj  mineral  beds  has  been  covered  with  a  new  for* 
nation  of  rocks^  or  else  by  newer  strata  of  the  pri* 
mitive  mountains^  which  renders  it  difficult 'to  dis* 
cover  these  mineral  beds  on  the  exterior  of  the  moun* 
tains.  And,  lastly^  diat  after  the  reasons  which  hare 
been  assigned  (^  63.)  for  the  difiierence  to  be  obser* 
Ted  between  the  formation  or  composition  of  veins 
and  of  bedsy  (even  when  these  have  resulted  from 
one  and  the  same  solution),  we  ought  not  to  expect 
to  find  a  perfect  resemblance  between  them.  From 
this  we  see,  that  without  a  perfect  knowledge  of 
mctognosy,  it  is  not  possible  to  say  any  thing  post* 
dve,  certain,  or  satisfactory  on  this  subject, 

§75- 

After  having  replied  in  the  preceding  68th  and  74th 
sections,  to  the  objections  urged  against  my  theory 
of  the  formation  of  veins,  and  after  having  antici- 
pated and  refuted  what  might  afterwards  be  brought 

against 
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against  It»  there  remain  still  a  few  things  to  be  Jta* 
cussed,  to  complete  the  exposition  of  my  theory. 

It  is  of  importance  for  this  theory^  to  conader  not 
only  the  relative  antiquity  of  veins  and  vdn-forma^ 
tions  in  general  (treated  of  $  31.  32.) ;  but  we  must 
also  attend  to  the  age  of  veins  relatively  to  the  rocks 
in  which  they  occur.  We  can  in  some  measure  de« 
termine  this»  by  comparing  together  the  ages  of  die 
different  veins  which  occur  in  a  mountain.  In  this 
way  we  can  determine  which  are  those  whose  age 
comes  nearest  to  that  of  the  mountain,  or  which  o£ 
them  differ  most  from  it,  and  consequently  are  rela* 
tively  newer  than  the  mountain.  Among  the  oldest 
veins  which  occur  in  different  countries,  some  are 
comparatively  much  newer  than  the  rocks  which  diey 
traverse,  whilst  in  other  countries  they  may  be  near- 
ly of  the  same  age  as  the  rocks  in  which  they  occuif> 
This  acti:^y  happens,  and  we  find,  (a  circumstance 
worthy  of  remark),  in  certain  places,  veins  which 
have  been  produced  soon  after  the  formation  of  the 
rocks  which  surround  them,  and  in  some  measure 
during  the  formation  of  the  mountain,  that  is  to  say, 
before  the  rock  has  been  completely  dried  and  coo* 
solidated.  Veins,  whose  age  approaches  near  to  that 
of  the  rock  in  which  they  occur,  are  characterized  by 
a  certain  analogy  which  they  bear  to  the  mass  of  the 

rock. 
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rockf  by  the  close  connection  and  strong  adhesion 
which  subsists  between  them^  and  by  the  thin- 
ness of  the  vein :  farther^  the  rock  which  surrounds 
these  veins  is  penetrated  by,  and  impregnated  with, 
not  only  the  ores,  but  even  with  the  substance  of 
the  veinstones.  Geier,  EtrenfrieJersdorf,  and  Altert" 
t^^gy  present  striking  and  distinct  examples  of  veins, 
the  date  of  whose  formation  is  nearly  the  same  as 
*  that  of  the  rock.  The  tin  veins  which  occur  in  the 
places  just  mentioned,  are  of  this  kind.  We  find^ 
besides,  veins  of  greater  antiquity  consisting  of 
earthy  substances,  as  felspar,  quartz,  mica,  and 
sometimes  schorl.  At  Elhgen,  on  the  right  bank  of 
the  EgeTf  close  by  the  high  road,  there  is  a  small 
vein  of  white  felspar ;  it  appears  to  have  been  form- 
ed nearly  at  the  same  time  with  the  mountain,  and 
occurs  in  a  rock  of  granite. 

"When  veins  whose  age  approaches  near  to  that  of 
the  rock  in  which  they  occur,  contain  ores,  (take  as 
an  example  the  tin  veins  which  have  just  been  men- 
tioned), the  ore  is  commonly  found  only  on  the 
sides  (Saalbander) ;  and  sometimes,  almost  wholly, 
in  the  adjacent  rock  ($  73.) ;  and  the  middle  of  the 
vein,  which  owes  its  origin  to  a  later  fissure,'  gene- 
rally contains  either  stony  matter,  or  sterile  earth. 

The  Stockwerke  ($  4.)  is  nothing  but  a  great  nunv 

9  ber 
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ber  of  small  short  veins  collected  in  a  greater  ot 
less  space  of  the  rock  ;  these  veins  run  in  all  direc- 
tionS)  and  their  age  is  nearly  the  same  as  that  of  the 
rock  in  which  they  occur*  As  yet,  I  only  know  of 
one  kind  of  ore  that  occurs  in  the  Stockwerke,  which 
is  the  ore  of  tin  :  repositories  of  this  kind  are  found 
at  Altenbergy  at  Setffen  near  Gruntbcnthal,  Geier,  and 
at  SchlakhwaUf  not  far  from  Carlsbad. 

§76. 

An  object  of  still  greater  importance  to  an  obser-i 
ving  gcognost  than  the  relation  which  veins  bear  to 
the  mass  of  the  rock  in  which  diey  occur,  is  the  re- 
lative age  of  the  different  fossils  which  constitute  the 
substance  of  the  vein,  but  more  particuls^-]y  the  rela» 
tive  age  of  the  difierent  metals  in  regard  to  one  ano* 
ther.  The  rocks  in  which  these  fossils  are  foundj^ 
whether  they  occur  in  beds  or  veins,  afford  the 
greatest  assistance  in  this  research ;  for  it  is  certain 
that  those  ores  and  stones  which  are  found  in  bed«^ 
in  mountains,  have  been  formed  at  the  same  time 
with  the  rock,  and  that  those  which  are  found  in 
veins  are  of  posterior  formation  to  the  rocks  or  strata 
of  which  the  mountain  is  composed. 

According  to  my  observations,  some  of  the  me- 
tal formations  are  very  old,  and  others  have  been 

formed 
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ToriA^  afterwards^  wd  successively*  Tin  appears 
to  me,  if  not  the  most  ancient,  at  least  one  of  the 
oldest  metal  formations;  for  I  hare  never  found 
it  in  floetz  rocks,  but  sometimes  in  porphyry  rocks. 
It  is  also  one  of  the  rarest  metal  formations.  The 
ores  of  tttdyUanaf  tungsten^  and  wolfram^  appear 
to  me  to  be  nearly  of  the  same  antiquity  \  for  they 
are  seldom  found,  except  in  beds  of  tin ;  from  which 
I  infer  that  they  have  been  formed  nearly  at  the 
same  epoch  with  that  metal.  The  ores  of  uran  and 
of  bumuth  appear  to  me  to  be  of  newer  formation, 
although  they  have  only  been  found  in  the  primitive 
rocks,  at  least  if  they  occur  in  transition  or  floetz 
rocks,  it  is  unknown  to  me.  Qold  and  silver  appear 
to  be  of  a  still  newer  formation,  and  in  some  instan- 
ces very  new.  These  two  metals  are  chiefly  found 
in  primitive  rocks  \  sometimes,  however,  though  very 
rarely,  in  rocks  of  a  newer  formation.  Mercury  is 
commonly  found  in  primitive  rocks,  (with  the  excep- 
tion of  the  oldest  member  of  the  series),  and  some*- 
times  even  in  floetz  rocks.  The  formations  of  this 
metal  are  very  scarce,  and  appear  to  have  been  pro* 
duced  at  very  different  epochs. 

At  Rosenau  in  Upper  Hungary,  at  Schimhacb  in 
Bohemia^  and  at  Hartenstein  in  Saxony,  we  meet 
with  a  cinnabar  formation,  which  occurs  in  clay  slate, 

even 
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even  in  chlorite  earth  and  talc.  The  cinnabar  is 
united  with  quartz,  calc  spar,  and  sparry  ironstone  ; 
also  with  copper  and  iron  pyrites,  iron-glance,  and 
iron  mica.  This  is  probably  the  oldest  of  the  cin- 
nabar formations. 

The  formations  of  copper,  of  lead,  and  of  zmr ,  are 
very  numerous,  and  of  very  different  ages.  The  ca* 
bait  J  particularly  glance  cobalt  and  copper  nickel,  are  of 
a  very  new  formation.  These  metals  are  frequently 
found  in  transition  and  floetz  rocks,  chiefly  in  Mans* 
feldy  Thurinpa,  and  Hesse.  The  white  ore  of  co- 
balt, which  is  found  at  Tunnaberg,  and  Los  in 
Sweden,  and  at  Modum  in  Norway,  as  well  as  at 
Other  places,  is  of  an  old  formation,  for  it  is  only 
found  in  beds  in  primitive  rocks. 

The  grey  antimony  ore  is  of  a  middle  age.  I  have 
never  seen  it  in- the  transition  or  floetz  rocks,  nor 
among  the  oldest  metalliferous  formations.  Arsenk 
pyrites  is  an  old  production,  but  of  various  ages; 
for  it  is  found  in  considerable  quantity  along  with  tin 
ore  and  lead  glance,  but  in  smaller  quantity,  with 
copper  pyrites  and  arsenical  silver  ore.  The  iron  far- 
mations  are  indisputably  the  most  numerous,  and  of 
almost  every  age ;  yet,  in  attending  to  their  age,  we 
can  point  out  different  principal  formations.  The  mag^^ 
netic  ironstone  formation,   which  occurs  in  primitive 

mountains. 
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mountainsi  but  more  particularly  in  primitiye  lime^ 
stone,  seems  to  be  the  oldest  formation  of  this  metal* 
The  red  ironstone  formation  is  a  great  deal  newer  $ 
that  of  the  brawn  and  sparry  ironstone  is  still  newer  ; 
and  the  clay  ironstone  appears  to  be  yet  more  recent. 
One  of  the  newest  is  the  clay  and  magnetic  ironstone^ 
which  occur  in  rocks  of  the  trap  formation ;  and  the 
newest  of  all  is  the  io^  iron  ore.  The  formations 
of  irm  Pyrites  are  almost  ionumerable,  and  are  of 
every  age,  even  to  the  latest  period.  The  oldest 
veins  are  the  only  ones  that  do  not  contain  some  of 
it.  The  di£Ferent  manganese  formations  appear  to  be 
of  an  intermediate  age.  The  oldest  transition  rocks 
are  most  productive  of  metallic  ores :  of  thb  kind 
are  grey  vracke,  transition  limestone ;  to  which  we 
may  add  the  oldest  or  first  sandstone  formation.  The 
newest  limestone  rocks,  and  alluvial  hills,  are  as  un* 
productive  of,  as  the  oldest  and  intermediate  ones  are 
rich  in,  metals  ;  and  iron  is  the  only  metal  which  we 
find  in  them.  It  is  only  in  some  of  the  rocks  of  the 
coal  formation  that  we  meet  with  some  insignificant 
traces  of  lead  glance  and  iron  pyrites.  With  respect 
to  the  relative  age  of  some  fossils  of  the  other  classes 
which  compose  the  substance  of  veins,  it  appears 
to  me  that  felspar,  schorl,  topaz,  and  even  beryl, 
are  found  in  the  oldest  veins.    Veins,  which  -contain, 

in 
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in  their  substance^  grey  and  green  mica^  also  apf^ear 
to  me  to  be  very  ancient.  All  the  calcareous  fossils 
appear  to  be  newer )  and  of  these  apatite  and  fluor 
spar  are  the  oldest.  Heavy  spar  is  newer»  and 
perhaps  one  of  the  newest  substances  which  are 
found  in  veins.  Perhaps  quartz  is  the  oldest  of  the 
veinstones,  and  sometimes  it  seems  to  be  produced 
at  all  periods.  The  wacke  and  basalt  which  are 
found  in  veins  are  of  very  recent  farmation,  and  so 
are  coal  and  rock  sak.  It  is  very  worthy  of  remark, 
thatj  in  the  substance  of  the  primitive  rocks,  we  never 
meet  with  the  smallest  trace  of  inflammable  or  coaly 
matter:  it  is  only  in  the  oldest  of  the  rocks  of  posterior 
formation  that  they  begin  to  make  their  appearance^ 
Rock  salt  appears  to  be  of  a  very  late  formation* 

The  whole  of  this  subject  requires  to  be  treated  o( 
more  at  length.  What  has  been  said  on  it  in  thia 
paragraph,  must  only  be  considered  as  a  slight  sketch, 
from  which  it  will  appear  how  necessary  an  intimate 
acquaintance  with  the  rocks  is,  to  enable  us  to  ac- 
quire a  perfect  and  complete  knowledge  of  the  for- 
mation of  veins. 

§77- 

I  shall  now  produce  a  few  particular  examples, 
which  will  serve  to  give  a  more  clear  idea  of  these 

different 
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different  metal  formations^  which  have  been  formed 
•uccessirelyi  at  periods  more  or  less  remote  from  one 
anodier.    To  be  able  to  say  something  positive  on 

•  this  difficult  matter,  and  which  requires  much  skiU 
on  the  part  of  the  observer,  it  will  be  necessary  to 
bear  in  mind  what  has  already  been  said  ($  32.)  on 
the  principal  and  distinctive  character  of  veins  j  viz* 

-  on  the  analogy  or  resemblance  between  the  matters 
of  which  they  are  composed,  (veinstones,  ores,  their 
species  and  Tarieties),  and  on  the  age  of  Tnns,  as 
well  as  that  of  beds. 

Native  g^H  among  others,  occurs  in  very  different 
formations,  and  which  have  been  produced  at  periods 
very  distant  from  one  another.  What  difference  is 
there  not  between  the  native  gold  formation  found 
in  the  beds  of  primitive  rocks,  in  gneiss,  clay  slate, 
and  mica  slate,  at  Ramingstemf  Muertviftiely  ZiUertbal^ 
^uid  other  places  in  the  country  of  Strasburg  and  CoT'* 
•  piolay  and  that  formation  found  in  veins  in  grey 
wacke  rocks,  in  the  transition  mountains  of  TransyU 
vama,  at  FoeroespMtMk  and  JUrudbaniay  and  even  i^ 
sandstone  rocks  at  Zaiatbna.  At  the  last  place^  na- 
tive gold  has  also  been  found  in  semi-petrified  wood, 
or  rather  in  bituminated  wood.  The  gold  which  is 
found  at  Edsvfol  in  Norway,  at  Aedelsdorf  in  Swe^ 
den,  differs  little  in  point  of  age  from  that  found  in 

th^ 
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the  places  mendoned  above.  The  native  gold  found 
in  veins  in  rocks  of  sienite  and  porphyry  at  Scbemmiz, 
and  Cremnitz,  holds  a  middle  station  between  those 
^dnds  which  have  in  this  paragraph  been  cited  as  the 
oldest  and  newest  formations.  We  may  ccmsider  as 
the  newest  gold  formatidny  that  variety  which  is 
found  in  a  micaceous  and  argillaceous  sandstone  at 
Beresookoi^  not  far  from  Catbaritunbourg. 

Native  sUver^  as  well  as  the  ores  of  this  metal, 
is  of  very  various  formations  \  but  I  have  not  been 
able  to  determine  the  relative  age  of  the  difierent 
silver  formations  with  which  we  are  acquainted. 

The  corneous  silver  ore  appears  to  me  tx>  be  the 
aewest  of  the  ores  of  tins  metal»  for  it  is  only  found 
in  the  upper  part  of  veins.  At  Frankinberg  in  Hes- 
sian we  find  thin  leaves  of  silver  lying  over  petrifac- 
tions. In  treating  of  the  difierent  depots  of  veins  in 
the  Freyberg  district  in  Chapter  X.  I  shall  notice  the 
different  silver  formations. 

We  are  already  acquainted  widi  twenty  difierent 
ijprmations  of  lead.  I  have  observed  the  following, 
and  found  them  to  be  formations  very  distinct  from 
each  other. 

I.  Lead  glance  mixed  with  copper  pyrites  in 
quartz. 

This 
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This  occurs  at  Muerwinkd,  and  I  bdiere  at  Htrz« 
bach  in  the  country  of  Salzbouxg. 
In  the  first  of  these  places  it  is  in  beds. 

2.  Lead  glanci^  with  small  granular  brown  blende, 
and  slate  spar. 

It  occurs  at  TJwverhffftts  GlUck  near  BeermansgrUn, 
not  far  ln»n  SebwartzetAerg. 

It  b  woiied  in  the  roof  of  a  thick  bed  of  lime- 
stone. 

3.  Liodghuui,  rich  in  silTer,  with  small  granular 
brown  blende,  and  a  little  copper  and  iron  pyrites 
m  quartz. 

It  is  found  at  Hi^nnersJoffneaiX  Geiir. 
And  is  found  in  a  bed  of  clay  slate,  approaclung 
to  the  nature  of  chlorite  sbte. 

4.  LeadgUmcit  rich  in  sihrer,  with  a  large  pro- 
portion of  black  blende^  arsenic  pyrites,  and  iron  py- 
rites \  sometimes  with  a  small  quantity  of  copper  py- 
rites, more  rarely  sparry  ironstone ;  in  quartz,  which 
is  sometimes  accompanied  with  a  litttle  brown  spar. 

This  formation  occurs  in  quantity  in  the  mining 
district  of  Freyberg,  and  in  other  parts  df  the  frs* 
geUrgtf  and  almost  always  in  veins.  < . .  <r;<^^ 

In  the  loth  dufpter,  when  treating  of  the  mineral 
depot  of  Freybetg,  I  describe  this  formation  as  well 
as  the  5th,  6th,  7th,  9th,  loth  following. 

to 

•  T  5.  Lead 
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5.  i>Al  fiiiiw^  ^ly  rick  kf  tiker)  whlir  Hack 
bkade^  a  very  smatt^  quoiititjr  of  arseaic  fjnises,  9siS 
iron  pyrites  ^  ia  quarm  SM<I  llroira  spftn 

This  S9fiiiatioff  0€tiM»  ftiry  often  in  die  inkung 
district  of  Freyberg,  chiefly  at  Brand.  -  b  is  feiitMl  ti» 
veins* 

6.  LeadgUmcef  ridi  ia  Ar«r,  wilk  a  Btde  biicfc 
Uend^  comflum  ivM>  pfriiesy  dafk  red  iBi^er  ere^ 
brittle  siirer  ore»  white  silrer  ore,  and  pksmoie  s^ 
^t  ore ;  in  qiiaita^  afoog  wkb  btoiMrft  spar  of  a  lesfr 
scd  CQloor. 

I  have  hitherto  only  seen  tliia  fommtidn  ia  Ae 
Freyberg  dinrict,  chiefly  in  die  neigMonrhoo^  of 
Brand,  since  which  I  farve  met  wilh  it  at  Ktein- 
Yoigtsberg ;  it  occurs  aliraiy»  in  reint. 

These  two  formadons  tsJten  together,  are  describ- 
ed in  the  lotb  dkapter,  and  designated  a»  the  seeend 
depot  of  treins  in  the  Fireyberg  district. 

7*  Lead  gfance^  poor  in  silvef^  ^th  %  gfeat  deal  of 
iron  pyrites,  black  blende,  and  often  ochrf  red  iron«> 
stone ;  in  quarts,  with  greenish  clay  more  or  less 
oiixed  with  chlorite  earth. 

It  occurs  in  many  of  the  veins  of  Freyberg,  chiefly 
in  the  district  of  Hnl^Hkh, 

8.  Lead^amiy  rich  in  silver,  with  yellow  bfeftde,. 


^ef  irqpperisey'attdl  comacm  won  pfrites;  in^rowft 
lipor  and  ^uiaote. 

It  is  found  at  Sdkatfinkerg  near  Meisstn^  and  at 
Ki^k  m  Utpptt  liuogarf. 

It  occurs  in  Teins. . 

9.  Liodgbmog^  poor  in  8ilver»  with  radiated  iron 
pyrites,  raadf  iridi  a  ]ied«  ixown  'blende^  in  hcavjr 
spar,  fluor  qpar,  mth  soinfltiuses  a  Iktle  calc-spar 
^mfl  ooBStti* 

This  jOQcucs  (fbaqnentlj  in  several  places  in  die 
Erzgibirge  in  Saxoxiy^  In  Derhyshire  in  England; 
tvnx  Cimhiikam  KiAGishff  in^tbepio^nce  of  Scbo' 
mm  in  Sweden. 

lt4S  At  lA  lifMs  foHttd  ui  ireina. 

ao.  Commmt  Jmd  gUtmci  and  otn^paa  ietd  gfsmce^ 
with  a  little  Uack  blende,  iron  pyrites  and  sparry 
ironstone. 

fit  oGCttfs  b  some  of  &e  mtnss  in^the  distrietof 
Aeybtvg,  in  vcjps. 

This.iqppeats  one  pf  the  most  lecbnt  fpnnations  of 
lead^bmoe. 

1 1 .  Liod  glance^  with  a  great  deal  of  brown  blende 
and  sparry  ironstone,  a  small  proportion  of  ifon  py* 
xitfis,  jgoey  cq>per  ore  and  a  littk  .eopper  pyiiteS;;  in 
quartz. 

Thi^  formation  is  principally  met  with  near  Sttas^ 
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ierg  in  the  Hartz,  and  also,  to  the  best  of  my  know- 
ledge,  in  the  Upper  Hartz,  in  the  mines  of  Kramcbf 
Braune  LilU,  and  Zilla,  It  also  occurs  in  the  ralley 
of  Lahn.  In  the  Hartz  it  is  found  in  veins  ;  but  in 
the  valley  of  the  Lahn,  in  beds. 

12.  Lead  glance  mixed  with  a  large  quantity  of 
blende  of  a  deep  br»wn  colour  \  in  quarts. 

This  occurs  at  Lautbenthal  in  the  H^z. 

13.  Lead  glance y  with  fine  granular  blende  of  a 
deep  brown  colour,  iron  and  copper  pyrites  ^  iu 
quartz. 

It  is  found  in  the  Rammelsherg  at  Goslar* 
In  a  lying  mass. 

14.  Lead  glance^  with  copper  pyrites,  in  cak-spar. 
This  is  found  in  several  of  the  mines  of  Klaustbal 

and  Zelleffeld. 
In  veins. 

15.  Lead  glance^  with  a  great  deal  of  dark  red 
silver  ore,  a  small  proportion  of  bright  red  silver 
ore,  cobalt,  and  nadve  arsenic  \  in  calc  spar. 

It  occurs  frequently  in  the  Hartz  at  Andreas^ 

In  veins. 

1 6.  Lead  glance,  with  calamine  an4  a  great  deal  of 
\)rown  iron  ochre. 

It 
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It  is  found  in  great  quantity  in  the  floetz  moun* 
tains  of  Cracow  in  Pdand^  at  Tamomtz  m  Upper 
Silesia,  and  in  the  Ardennes. 

At  all  dmes  in  beds. 

This  formation  is  the  newest  of  all  those  we  have 
described ;  it  never  occurs  in  veins,  at  least  .in  moun- 
tains of  considerable  hei^ ;  for  it  appears  that  the 
.solution  from  which  it  was  precipitated,  had  never 
attained  a  high  level. 

17.  Leaigbmci  in  very  small  quantity,  very  poor 
in  silver,  partly  disseminated,  and  partiy  occurring  as 
a  coating,  with  copper  pyrites ;  in  calc  spar. 

It  sometimes  occurs  in  veins,  in  the  coal  for- 
mation, and  in  tiiin  laminae  in  rents  of  the  coal 
itself. 

It  is  found  in  different  parts  of  the  coal  mines  near 
DresdMm 

This  formation  is  very  insignificant  in  regard  to  its 
quantity,  but  very  remarkable  on  account  of  its  new- 
ness. It  has  already  been  noticed  in  the  preceding 
paragraph. 

Of  these  difierent  fonnations  of  lead  glance,  there 
are  five  which  occur  in  theHartz;  but  it  is  very 
difficult  to  jw^  exacdy  of  these  formations,  when 
a  person  has  jnot  himself  seen  the  repositories  where 

they 
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4tey  are  ibond, -^Rdiich  itiny  caae^withMqacttottfae 
ibrmaltioiis^if  the  flartz ;  Jor It  is  notrnffidfenttodswe 
seen  specimens,  to  be  dile'to  5^tf)ge  fsopedjr^  v^ 
must  have  examined  exactly  aad  ifraquentlf  fiBitfepo* 
^ntories  or  placet  whefe  tbey^KCur ;  mm  ouit  Itare 
•ascertained  the  ocder  oai  «omeoti»n  of  cthe  ifasals 
*«rhich l>eloflg  to  the  aame  lonnafiion^  and^we  mMt 
htwt  dhaenred  die  Varieties  of  the  formsctson  hi^dMeo- 
ent  places,  as  well  as  the  mutual  veiationa  of  die  iti^ 
{HKitories  in  sidiidi  they  are  conttunwL  It  sa  o^jiy  by 
coBfact  and  Tepested  obsgnftttio— ,  randi>y  cpinpatiiOBB 
made  with  care,  diat  we  cm  SHeeitatti(diat  two  ib^ 
-maticnts  ndiich  appear  vtobear  aittroDgcescnfelance^ 
are  imt'to  be  rq;arded  as  one  and  the  aame,  •on  ac- 
count of  essential  differences  which  they  present  4 
■Aat  die  vaxieties  wbidi  die  taae  •fiirmation'ahows, 
must  make  it  be  divided  into  several  others  5  and 
that  several  ^diess  larhifih  isnre  found  tn^gether  in  the 
same  repository,  are  to  be  considtml  as  htipogmg  to 
one  and  the  aame  ]H^inmpal'£^rmaddn.  In  this  waf 
it  may  happen,  that  what  I  have  said  on  die  -frnna- 
dens  of  the  Haitz,  nsay  <sttiid  In  tieed  of  tSKreodons, 
or  may  aecevre  aumy'adilitiofis.  .Perhaps  by /repeat- 
ed obsewatiaBS  Inade  in  .different  eevotries,  enren  in 
those  at  the  ipreateit  :dii^an^  :f*>m  reach  odter,  a 

greater 


gmat^t  niun^  of'  teadigknce  fomattMA^ maybe  (ii»* 

The  reseerdiee  vAaah  we  have  j«0t  Hientioiie^  in 
wegatA  to  diiilreBt  particular  Ibnnatione  of  metab  or 
eteS)  lead  tO'  an  obeervation  not  oS  le«»  importancei 
viy.  what  are  the  ore»  amd  fbtaib  which  eoimneiilf 
«re  found  togfdiery  iM  what  afe  dioee  which  seem 
in  some  measore  to  eiclade  odiers.  I  shall  onlf 
mention  hot  a  few  cnmples  of  these. 

Lsadglame  amd  bU$iie^  or  at  least  ctJammij  always 
occur  togedier.  Lead  gfaace  it  often  also  accompa- 
nied with  copper  pyrites*  CMsfr,  fopptr^  nkkd^  and 
maiifo^  Uimuib^  ate  cooMonlf  found  together  j  yet 
natif  0  bismuth  does  not  occur  m  the  newer  Ibrma* 
tions  of  the  two  former  metab.  Tm  often  occur* 
along  with  wolfranj  tungsten^  molybd^na  a«d  arse- 
idc  pyrites  \  ISiewise  with  topaz»  fluor  spar,  apatite^ 
schorl,  Ruca,  chloriite  and  li^omarge.  Bro^tm  irpn^ 
Hon§  is  generally  found  with  sparry  ironstone  of  a 
deep  brown  ocdour^  black  ironstone,  manganese  and 
heavy  spar. 

As  to  the  fossils  which  seem  mutually  to  exclude 
one  another,  I  have  to  remark,  that  in  those  placet 
where  tin  occurs>  we  rarely  meet  with  the  ores  of 

silver^ 
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silyeTj  lead  and  cobalt;  or  inth  heavy  spar»  calc  spar^ 
and  gyps.  It  is  not  common  to  find  blende  with 
copper  pyrites.  Cinnabar  and  the  ores  of  mercury 
scarcely  ever  occur  along  with  the  ores  of  other  me* 
talsy  with  the  exception  of  iron  ochre  and  iron  py- 
rites. I  know  but  of  four  exceptions  to  this  general 
rule ;  viz.  at  Moersftliy  ^ete  die  cinnabar  is  mised 
with  a  little  lead  glance;  at  M^scbel  Landsberg^ 
where  it  is  joined  with  a  small  proportion' of  natiye 
silver,  grey  copper  ore,  malachite  and  copper  azure ; 
at  Schemnitz,  where  it  is  found  with  kad  giaiice» 
black  blende,  and  copper  pyrites ;  and  at  Rorenau  in 
Upper  Hungaryi  where  it  is  joined  with  copper  py* 
rites,  sparry  ironstone  and  iroa  mica. 

With  respect  to' grey  numgamte  «rf,  I  lunne  seen  it 
joined  either  with  red  ironstone^  or  with  black  iron- 
stone and  heavy  qpar* 

The  peculiarities  which  have  been  mentioned  in  this 
paragraph^  may  arise,  in  part,  from  the  proportion  of 
the  constituent  parts,  and  partly  fiom  a  greater  or 
less  difference  in  the  time  of  the  formation,  either  of 


those  fossils  whidi  are  excluded,  or  of  those 
occur  together. 

$79- 
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$79' 


It  has  been  long  obsenred,  that  certain  ores  atld 
fossilSf  ivhich  form  the  Substance  of  veins^  are  only 
to  be  found  in  rocks  of  a  particular  kihd^  and  con- 
scquentlj  that  these  fossils  and  ores  do  not  occur  in 
the  other  kinds  of  rock :  thus  calamine  is  never  found 
in  gramtei  gneiss^  mica  shte^  or  the  other  primitive 
rocks }  in  like  manner^  we  very  rarely  see  sUver  in 
granite  rocks.  The  cause  of  this  has  hitherto  been 
attributed  to  the  immediate  influence  of  the  rock  \ 
but  more  accurate  observation  has  shown  not  only 
that  there  is  no  foundation  for  this,  but  has  even 
c<mtradicted  it»  as  shall  be  shown  at'|  90*  Obser^ 
vation,  and  the  new  theory  of  veins>  teach  us,  that 
certain  metals  and  fossils  are  of  very  old  forma- 
tion>  and  that  as  the  solutions  from  which  they  were 
produced,  did  not^xist  at  the  period  of  the  formation 
of  the  newer  rocks,  of  consequence  they  could  not 
fill  die  tents  that  took  place  in  them.  Certain  fossils 
are  also  of  newer  formation ;  and  as  the  solutions 
which  furnished  them  stood  at  a  low  level,  and  did 
not  cover  the  older  rocks,  their  precipitates  could  not 
enter  into  the  fissures  in  them.  It  might  also  hap-i 
pen,  that,  though  certain  mineral  substances  were 

i{  suspended 
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suspended  in  the  general  solution,  that  another  for- 
mation  could  not  take  pbcci  because  the  Bssures  in 
the  rocks  were  already  filled  up. 

$80. 

A  long  period  of  time  unquestionably  elapsed  be- 
fore the  principal  formadons  of  certain  ores  and  fos* 
sils  were  comj^eted  i  during  this  period^  not  only  the 
already  existing  fissures  were  filled  up,,  but  even  new 
rents  took  place,  and  were  filled  up  with  the  same 
or  nearly  the  same  solution.  In  consequence  of  this, 
we  find  several  particular  formations  of  veins,  v^iich 
appear  like  so  many  subdivisions  of  the  principal  one  t 
these  veins,  in  traversing  those  that  are  older,  though 
of  the  same  principal  formation,  discover  to  us  a 
newer  formation.  All  these  vdns  of  a  particular  for- 
mation, belonging,  however,  to  a  principal  forma- 
tion, always  traverse  ail  the  veins  of  the  principal  and 
older  formation^  and  in  their  turn  are  traversed  hf  oil 
the  veins  of  a  principal  Jhrmation  which  happens  to  be  of 
newer  date,  I  have  remarked  this  to  be  the  case  with 
the  veins  of  the  Freyberg  district,  as  well  as  of  other 
placesv 
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JSf. 


Sefore  concluding)  I  must  observe,  that  the  suh^ 
vtance  of  reins  already  existing,  may,  in  process  of 
time,  have  experienced  certain  changes  and  altera- 
tions ;  and  this  wiU  be  found  to  have  actually  hap** 
pened  in  many  pbces*  The  substance  of  a  vein 
(or  only  one  .of  the  fossils  which  compose  it),  may 
have  been  entirely  dea^mposed^  or  its  composition 
may  have  been  changed  by  the  addition  or  subtrac- 
tion of  one  of  its  constituent  parts ;  and  one  fossil 
may  in  this  way  have  been  transformed  into  another. 
A  similar  change  may  have  been  produced  either  by 
a  solution  which  may  have  been  introduced  into  a 
vein  through  an  opening  that  existed  in  it ;  or  by  the 
action  of  the  atmosphere  which  penetrated  to  it ;  or 
by  water  which  had  filtrated  through  the  earth  and 
rock  composing  the  mountain.  In  the  first  of  these 
cases,  it  is  a  difficult  matter  to  ascertain  and  distin* 
guish  the  change  produced  by  a  new  formation  which 
has  been  joined  and  intermixed  with  an  older.  In 
the  latter  case,  (viz.  of  infiltration),  which  could 
only  happen  in  the  vein,  to  a  small  depth  below  the 
surface  of  tlie  ground,  it  may  have  been  the  cause 
pf  a  new  production  of  ores* 

After 
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After  the  remarks  which  have  been  made^  it  will 
be  supposed  that  such  transmutations  and  transfor- 
mations ought  to  beyeryrare,  which  is  really  the 
case ;  diey  only  produce  ochres  and  metallic  oxides^ 
very  rarely  native  metals  (copper  perhaps  alone  ex- 
cepted), never  ores  properly  so  called*  Among  earthy . 
fossilsj  fluor  spar  seems  susceptible  of  such  a  decom- 
position} which  it  seems  sometimes  to  hare  undeii- 
gone.  The  stalactites  which  are  sometimes  found 
in  mines,  arc  proofs  of  the  decompotttion  of  calc 
epar,  brown  spar^  and  of  some  ores. 


CHAP. 
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CHAP.  VIII. 


4  flHORT  UFUTATION  OF  THE  AKCIENT  THEORIES  OF  TQE 

'FORMATION  OF  VEINS* 


582. 

In  the  second  chaipter  of  this  treadse,  I  have  given 
an  historic  sketch  of  the  "ancient  theories  of  the  for* 
mation  of  veinSy  without  adverting  to  the  objections 
^  which  might  be  brought  against  them ;  conceiving 
that  they  would  fall  of  themselves^  and  be  complete- 
ly refuted  by  the  ezposirion  and  proofs  of  my  new 
theory,  as  well  as  by  my  answers  to  the  objections 
which  have  been,  or  may  be,  urged  against  it :  in 
this  way  I  have  avoided  much  delay.  But  as  diere 
are  several  things  to  be  said  against  these  old  hypo- 
theses that  I  have  not  had  occason  to  notice,  which 
evince  and  place  in  a  dear  light  the  falsity  of  these 
theories^  I  shall  subject  them  to  a  new  ezanunation 

and 
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and  consideration.  All  the  hypotheses  which  hare 
been  treated  of  in  the  second  chapter,  are  either 
wholely  or  in  part  erroiieouBy  and  may  be  comprised 
under  four  principal  theories. 

(a.)  Veins  have  been  produced  at  the  same  time 
as  the  terrestrial  globe  {§  7.  1 1.). 

(b.)  Veins,  and  their  branchings,  are  to  be  con- 
sidered as  the  branches  and  twigs  of  an  immense 
trunk,    which  exists   in  the   interior  of   the  globe 

(5 16.). 

(r.)  Veins  were  fissures  which  have  since  been 
filled  up  by  degrees  with  mineral  matters  ($  7.  9.  13. 
15.  17.  18.  19.  20.  22.  23.  25.). 

(d.)  The  matter  of  veins  is  nather  more  nor  less 
than  the  substance  of  the  rocks,  which  nature  has 
changed  and  transmuted  by  the  action  of  certain  sol- 
rents  which  have  been  introduced  into  9mall  fissures 
{§  14.  21.  24.). 

With  respect  to  the  (dd  opinion^  which  attributes 
to  the  sUn  and  planets  an  influence  on  veins,  this,  as 
well  ks  the  virgula  divinatoria»  beloi^  to  As  mystic 
astrology  of  ancient  dmea^  and  die  system  of  efflu- 
via:  it  is  so  inconsistent,  so  incoherent,  so  supersti- 
tious, and  has  so  long  since  been  committed  to  ob- 
livion, that  it  does  not  deserve  die  name  of  a  theo-> 
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vff  ht  le8|  a  refutation':  indeed  it  hardly  ought  to  be 
named. 

583.' 

The  first  opinion,  viz.  that  which  ascribes  to  veins 
an  origin  as  ancient  as  that  of  die  rocks  in  which 
they  occur,  or  that  they  were  formed  at  the  same 
time,  was  styled  by  Agricola  the  opinion  of  the  vul- 
gar \  but  it  has  been  since  brought  forward  and  sup- 
ported by  Stahl  and  Juncker.  Its  refutation  is  ren- 
dered complete  by  the  following  observation ;  viz. 
that  in  the  mass  <A  rocks  that  are  evidently  of  new 
formation,  we  find  veins  which  present  the  same  pe- 
culiarities and  phenomena  that  others  do :  for  ex- 
ample, we  find  true  veins  in  rocks  of  the  coal  forma- 
tion, in  those  rocks  containing  beds  of  bituminated 
wood,  and,  in  general,  in  those  rocks  which  not  only, 
by  the  numerous  petrifactions  of  the  vegetable  and 
atnimal  kingdoms  which  they  contain,  but  by  their 
stratification,  are  evidently  shown  to  be  of  new  for- 
mation, and  to  have  been  formed  by  a  succession  of 
precipitates,  produced  from  a  vast  solution,  and  ar^ 
ranged  above  one  another.  If  the  mountains  which 
contain  these  veins  were  not  formed  until  a  consider-* 
ible  time  after  the  existence  of  our  globe,  the  veins? 
which  are  contained  in  them  must,  of  necessity,  be' 

muob 
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much  less  ancient  than  the  locks  which  they  trararse* 
But  further,  if,  as  all  observers  agree,  veins  which  oc- 
cur in  the  primitive  roc)^8  have  the  same  peculiarities  of 
structure  and  position  as  those  that  are  found  in  rocka 
of  newer  formation;  it  is  evident  that  both  the  one  and 
the  other  must  have  the  same  origin.  Finally,  if  the 
stratification  and  die  nature  of  the  rocks  of  the  most 
ancient  mountains  exhibit  an  origin  similar  to  that  of 
the  «newer  formations ;  these  primitive  mountains 
must  have  been  formed  successively  and  by  degrees, 
and  the  veins  which  they  contain  must  consequently 
be  of  still  newer  formation  i  so  that  these  veins,  and^ 
for  a  stronger  reason,  those  also  which  occur  in  the 
newest  rocks,  must  have  been  formed  after  the  crea- 
tion of  the  globe,  during  the  term  of  its  existence^ 
and  during  those  revolutions  which  it  has  succes^ve* 
ly  undergone. 

This  opinion,  which  ascribes  to  veins  an  origin  as 
ancient  as  that  of  the  globe,  is  also  contradicted  by 
the  observations  which  show  that  veins  are  of  difier- 
ent  ages  with  respect  to  one  another,  as  well  as  with 
respect  to  the  rocks  in  which  they  are  enclosed*  It 
Is  also  known  that  veins  contain  substances  whidi 
evidently  show  a  recent  origin ;  these  are  rounded 
masses  |^or  rolled  pieces,  fragments  of  the  rock  or 
substance  of  the  veins,  and  petrifactions.    Farther, 

we 
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wekB0#9  dut  n^w  tents  are  formed  firom  time  t« 

< 

^e^  that  they  zxt  fonned  even  in  our  time }  that 
tbeie  HtM  are  by  degrees  filled  up  i  and  diat  there 
are  formed  in  them  substances  perfectly  the  same  as 
ihose  contained  in  other  veins.* 

§  84. 

.  The  second  hypothesis^  that  of  Lehman^  which 
considers  veins  as  the  branches  and  twigs  of  an  im- 
mense  trunk  of  mineral  matter  contained  in  the  in- 
terior of  the  globe,  of  consequence  ascribes  the  oii- 

X  gin 


*  I  find  that  Dir  John  Junker  treats  of  the  formation 
of  ores  and  netaU^Brous  vdns,  in  the  second  chapter  of 
his  History  of  the  Old  Theoiy  of  Vein$|  of  which  I  omitted 
to  make  mention  in  the  proper  place.  This  zealous /ollo%ver 
of  Becher  and  Scahl  treats  of  this  subject  in  the  second 
pirt^of  his  complete  Treads*  of  Chemistiyy  (translated 
from  the  Latin  into  German,  410.  Halle  1750),  and  very 
particularly  in  the  3  2d  section,  which  is  written  on  metals 
In  generaL  This  work  ought  to  be  read  by  all  who  are 
desirous  of  studying  the  literary  histosj  of  teins,  and  of 
b^Gonung  acsquHBted  with  the  singjilar  opinions  which  then 
prevailed,  xvot  only  on  this  subject,  but  on  others  of  a  dif- 
ferent nature. 

Junker  was  a  great  collector  of  facts  in  chemistiy  in 
general,  as  well  as  on  this  subject  in  pardcular. 
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gin  of  veins  to  a  sort  of  vegetation  or  organic  move* 
ment.  Such  an  hypothesis  may  be  the  efiect  of*  the 
dreams  of  a  man  who  has  never  beheld  the  interior 
structure  of  a  mountain,  but  can  never  be  admitted 
by  miners  and  experienced  geognosts^  ior  they  know^ 
that  veins,  in  proportion  as  they  sink  deep,  become 
.narrow,  and  at  last  terminate  in  wedges  {§  4i.}.  In 
truth,  we  have,  as  yet,  only  reached  the  lower  extre- 
mity of  small  veins,  or  of  such  as  are  of  moderate 
size ;  and  if  we  have  not  yet  found  the  extremities 
of  large  veins,  it  is  by  reason  of  their  great  siee,  and 
that  they  sink  to  a  depth  greater  than  what  our  la- 
bours have  yet  been  able  to  follow.  But  the  perfect 
resemblance  which  in  every  respect  we  see  between 
the  larger  veins,  and  those  of  less  magnitude,  per- 
mits us  to  conclude,  by  analogy,  that  the  former  ter- 
minate precisely  in  the  same  manner  as  the  latter : 
what  ought  to  confirm  us  in  this  opinion,  is,  that 
most  of  the  large  veins  become  narrower  at  a  great 
depth.  This  contradicts  entirely  the  pretended  com- 
munication  supposed  by  Lehman  to  exist  between 
veins  and  the  interior  of  the  globe. 

It  is,  besides,  impossible  to  conceive  that  a  kind 
of  vegetation  can  take  pbce,  which  shall  traverse  the 
solid  and  compact  substance  of  a  rock.    Nature  no- 

whei^ 
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where  preseiits  any  fact  which  has  eren  the  most  di- 
stant resemblance  to  this  phenomenon :  on  the  com* 
trary,  what  we  see  in  veins  is  a  perfect  contradic* 
tion  to  this  hypothesis.  To  conclude,  we  may  urge 
against  it  what  has  been  said  at  the  end  of  the  last 
paragraph  on  the  subject  of  rounded  masses,    the  >* 

fragments  of  rocks,  petrifactions,  &c.  found  in  reins* 
This  opinion  of  Lehman  on  the  formation  of  veins 
will  accord  very  well  with  that  of  some  modern  phi- 
losophers, who  regard  our  globe  as  an  organized  be* 
ing  (an  animal  of  an  ezdraordinary  size)* 

$  85. 

The  third  hypothesis,  which  has  more  the  form 
of  a  theory  than  that  I  have  just  refuted,  has  many 
>    partisans :  it  contains  two  principal  propositions. 

1.  The  spaces  which  veins  occupy,  are  nothing 
else  but  fissures  which  have  been  produced  in  the  in- 
terior of  rocks.  . 

2.  These  fissures  have  been  afterwards  filled  up 
with  the  substance  of  the  vein* 

I  not  only  admit  the  first  of  these  propositi^ms, 
but  I  think  the  proofs  which  have  been  given  put 
the  matter  beyond  the  possibility  of  'a  doubt.  I 
think  (in  §  29.  39*  40.  53.  57.),  I  have  assigned,  in  a 
more  particular  and  exact  manner  than  any  one,  the 

causes 
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causes  whidi  faa^e  produced  these  reiit8»  (npsftt  ais*^ 
jkfaors  ascribe  their  origia  ta  drying  and  eartkr 
quakes). 

The  second  pfopositioit,  taken  generallyy  and  in^ 
the  maimer  it  is  here  expressed^  aceoifds  "pestMfif 
with  my  theory  $  but  the  opiniona' differ  a^  to  the 
mode  in  whkh  the  rents  have  been  filled :  these  di& 
ferences  of.  opinion  conititute  as^  aMiny  dsierent 
branches  or  subdirisiotis  of  the  dieory  ;  they  aH  Hif^ 
fer  very  essenriaily  frdm^  mine»  and  I  consider  theift 
all  equally  erroneous  and  inacciKatc.  Ilie  fbUowing, 
are  the  subdivisions  of  this  third  theory. 

{a.)  The  spaces  which  reins  occupy  have  been  fill* 
ed  during  thr  deluge  (menrioned  b]t  BJkises}f  vitb 
earthy  and  stony  matter. 

{h.)  The  sidMtance'  of  vrins  has  been  formed  by 
mineral  substances  vAiA  hatie  been  carried  along. 
Ey  the  watersy  whidi,,  after  haring  traversed  tho^ 
rocks,  have  entered  the  fisstnres,  and  there  deposited 
these  substances }.  the  exhalations  arising  from  the* 
bosom  of  the  earth,  acting  i;^on  such  of  liiese  mate^ 
rials  as  were  fit  for  such  a  transmutation^  have  con^ 
verted  them  into  ores. 

(r.)  Hie  substance  of*  veins  ha»  been  formed  by 
depositions  and  precipitates  produced  by  the  waters^ 
which,,  having  penetrated  to  the  heart  of  th^  rock^ 

these 
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Aeie  <fiMolted  and  cairricd .  afang  with  them  into  the 
frfns,  the  mbstances  of  Teinstoiics  and  orea  which 
are  now  found  exiating  in  focka* 

I  ahall  now  atate  the  objectiona  which  may  be 
Mged  against  each  of  these  theories  individually* 

$86. 

Hie  first  opinion  was  embraced  by  StaM,  but  has 
keen  since  abandoned  by  almost  all  the  world  ($  ii.)* 
According  to  it,  the  substance  of  veins  is  to  be  regard* 
cd  as  a  precipitate  arising  from  a  general  inundation^ 
which  has  been  but  of  short  duration,  such  as  the  urn* 
vcrssd  dduge.  This  opinion  fadla  of  itself,  when  we 
take  into  conaideratioa  not  oidy  die  internal  struc- 
ture of  veins,  which  shews  tlion  to  have  been  fomw 
od  by  degroaa,  and  to  have  arisen  from  a  chemical 
aehition,  but  also  the  marked  variety  of  their  sub- 
stance }  this  variety,  joined  to  die  other  peculiarities 
which  veins  exhibit,  proves  them  to  have  been  fomw 
ad  at  difivent  epochs,  very  remote  from  one  another. - 
k  may  be  stated  as-a  farther  objection  to  this  hypo>» 
tkeds,  that  in  the  primitive  mountains  we  see  a  greatr 
number  of  veins  filled  with  fragments  of  rocks,  wlucb 
in  other  pUbes  constitute  mountains  of  newer  forma- 
tion ;  a  circumstance  which  diows  that  the  conti-^ 
nuance  of  the  production  of  veins  has  been  as  kmg: 

a» 
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as  that  of  the  formation  of  rocks  fhemselVes.  Froift 
hence  it  follows,  not  only  that  the  dnration  of  th6 
deluge  was  a  great  deal  too  short  for  forming  the 
substances  of  veins,  and  that  it  is  a  very  trifling  pe- 
riod, compared  with  what  was  requisite;  but  also 
that  veins  would  neither  present  that  uniformity, 
nor  the  structure  which  we  observe  in  them,  if  they 
had  been  formed  from  a  mechanical  solution,  which 
must  be  supposed  in  admitting  die  hypothesis  of 
Stahl. 

The  second  subdivision  of  the  diird  theory,  is  the 
opinion  of  those  who  consider  the  metallic  matters 
found  in  veins,  to  have  been  produced  by  subterra^ 
nean  exhalations  exerting  an  influence  on  the  earthy 
and  stony  substances  already  existing  in  veins,  and 
which  were  fitted  for  this  transmutation.  This  hy« 
pothesis,  first  proposed  by  Becher  (§  ic),  and  adopt- 
ed by  Henckel  and  several  others,  is  combated  by  the 
following  facts.  We  do  not  find  in  any  of  our  mines 
the  least  trace  of  any  subterranean  exhalation.  The 
position  and  form  of  ores,  found  in  veins,  show  them 
to  have  had  the  same  ori^  as  the  veinstones.  The 
choke  damps,  formerly  considered  as  metallic  or  ar- 
senical exhalations,  are  now  ascertained  to  be,  at 

least 
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least  in  great  part^  nothing  more  than  carbontc  add 
gas,  and  the  causes  of  it  are  now  well  known.  The 
regtdarity  of  order  and  position,  which  ores  observe 
in  regard  to  the  veinstones,  is  so  well  known,  that  I 
shall  content  myself  with  observing,  that  I  have  of- 
ten seen  in  veins  druses  lined  with  crystals  of  a  large 
6i2e,  whose  superior  part  was  covered  with  ores  and 
veinstones  lying  over  one  another :  thus,  their  posi* 
tion  evidently  shows  them  to  be  depositions  coming 
from  above  ;  and  that  it  is  impossible  that  this  phe- 
nomenon could  have  been  produced  by  exhala- 
tions. 

In  the  cabinet  of  minerals  belonging  to  the  acade- 
my of  Freyberg,  there  is  a  very  fine  and  highly  in- 
teresting  druse  of  calc-spar,  formed  by  pyramids  of 
calc-spar,  on  one  of  the  sides  of  which  are  alter- 
nate layers  of  quartz,  lead  glance^  and  sparry  iron- 
stone. 

The  ores  formed  in  the  beds  of  mountsuns  exclude 
entii[ely  all  idea  of  their  formation  by  means  of 
exhalations  or  a  kind  of  sublimation.  These  ores 
are  nevertheless  absolutely  the  same  with  those  found 
in  veins  i  they  are  arranged  and  disposed  in  the  same 
manner  in  beds  and  veins,  which  denotes  them  to 
have  a  similar  origin  in  both  cases  :  now  it  is  impos- 
sible to  conceive  how  these  ores  could  have  been  protp 

duced 
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dsced  in  the  beds  by  exhalations,  hrf^.  ilriU  be 
fauhd  two  , farther  objeetions  agaittat  %ia  hjpo*' 
dieaia. 

§88. 

I  shall,  in  $  po.  refute  the  system  of  those  who 
consider  die  substance  of  reins  as  a  precipitate  fonn* 
ed  from  the  waters*  which  had  pcnetmted  throogh 
the  rocks  into  those  spaces  which  are  ncpw  bccupied 
by  yeins.  I  confine  myself  to  that  chemical  proper*- 
ty  ascribed  to  certain  cardiy  or  stony  substances  com- 
posing reinsy  a  property  which  is  considered  as  ne* 
cessary  to  die  formation  of  metals,  and»  i&  virtne  of 
which,  these  substances  receive  and  fix  the  pretend* 
ed  generative  exhalations,  so  that  they  serve  both  as 
a  chemical  base,  and  constitttent  part,  in  the  forma- 
tion of  metals ;  in  short,  they  are  what  have  been 
called  the  matrices  of  metals.  This  chemical  affioL- 
ty  between  earths  or  stones,  and  the  metals  ficNud  ia 
the  same  vein,  is  nowhere  confiftaied  dther  by  posi* 
five  and  convincing  ohservatiobs,  or  by  experiments 
made  in  our  elaboratories  \  on  die  contirary,  we  re- 
mark a  perfect  uniformity  of  position:' a41  fmn  in 
the  metallic  substances  whidi  ate  fouhd'ia  the  same 
vein.  No  osnduskm  can  be  drawn  from  such  and 
sficb  metab  being  found  widi'sudi'  and  such  stones. 

Wo 
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We  might  with  as  much  reality  infer,  that  the  metal 
is  the  matrix  of  the  stone,  as  it  was  formerly  said 
that  the  stone  was  the  matrix  of  the  metal.  This 
ancient  doctrine  of  the  matrices  of  metals  is  an  ad- 
ditional proof,  that  when  an  opinion  is  once  adopted, 
a  person  thinks  he  can  observe,  in  every  part  of  it, 
proofs,  which  not  only  have  no  relation  to  it,  but 
even  prove  the  contrary.  Such  modes  of  observing 
are  singularly  prejudicial  to  the  advancement  of  sci- 
ence, and  we  unfortunately  see  but  too  many  instances 
of  the  kind  now-a-days.  AU  this  theory  of  the  ma- 
trices of  metals  (which  has  been  the  cause  of  regarding 
veins  as  produced  by  the  transmutation  of  the  sub- 
stance of  the  rock),  rests  upon  two  pretended  propo- 
sitions in  chemistry,  which  are  false,  but  which  were 
formerly  generally  received:  viz.  that  metals  are 
composed  of  earths,  partly  not  metallic  ;  and  that 
from  simple  earths,  not  metallic,  metals  may  be  arti- 
ficially formed.  This  last  proposition  was  founded 
on  an  experiment  of  Becher's,  as  celebrated  as  it  is 
insignificant,  by  which  a  small  quantity  of  iron  was 
obtained  by  working  and  distilling  lintseed  oil  and 
mastich  wkh  pounded  bricks. 

T  §89. 


17^  K£W  THEdRT  OF  THE 


§89. 


On  the  subject  of  fennentations,  which  some  au* 
thors  pretend  to  be  continually  going  on  in  the  inte- 
rior of  rocks>  (an  opinion  first  delivered  by  Henkel^ 
as  far  as  I  know),  I  cannot  help  remarking,  that  we 
do  not  see  the  smallest  trace  of  such  effects  or  phe- 
nomena in  the  interior  of  rocks,  nor  even  in  mineral 
repositories,  provided  these  repositories  are  shut  and 
have  no  communication  with  the  atmospheric  air. 
Should  the  effl<M-escence  and  decomposition  of  pyrites 
be  taken  for  such  a  fermentation,  which,  however,  ap» 
pears  to  me  to  be  very  difierent,  I  would  reply,  that 
such  a  decomposition  is  peculiar  to  iron  pyrites  alone; 
for  the  efflorescence  which  is  sometimes  observed  in 
other  varieties  of  pyrites,  only  happens  tn  those  that 
contain  a  proportion  of  martial  pyrites.  2.  All  the 
kinds  of  pyrites  are  not  liable  to  this  efflorescence ; 
only   the   hepatic,   radiated,    and   such   others   as 

* 

come  near  to  these  varieties.  3.  Every  kind  of  py- 
rites, even  dbat  which  is  most  susceptible  of  this 
efflorescence,  does  not  undergo  it  in  close  places, 
such  as  mineral  repositories  commonly  are,  but 
only  when  exposed  to  the  contact  of  atmospheric 
air,  and  chiefly  to  the  alternation  of  dryness  and 

humidity, 
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humidity,  cold  and  heat.  The  heaps  of  rubbish 
brought  out  of  the  mines  (Halden)  containing  py- 
rites, emit  a  strong  smell  when  exposed  in  the  open 
air  to  the  rays  of  the  sun  when  very  warm :  if  the 
decomposition  was  effected  as  easily  in  the  interior 
of  rocks,  would  not  our  organs  of  smelling  be  aifect- 
ed  in  a  similar  manner  in  close  places,  such  as  mine*- 
ral  repositories ;  this  however  nerer  happens,  or  at 
least  very  rarely  even  in  veins  which  abound  with 
pyrites. 

I  have  likewise  found,  that  what  has  been  said  of 
the  great  heat  observable  in  mines  of  pyrites  is  to- 
tally void  of  foundation.  In  winter,  the  air  in  mines 
is,  without  doubt,  warmer  than  the  atmosphere  j  it 
may,  however,  happen  that  some  mines  and  gal- 
leries, where  there  is  not  a  free  circulation  of  air, 
may  be  warmed  more  than  others  by  the  workmen 
and  the  heat  of  their  lamps.  But  with  regard  to 
mines  of  pyrites,  of  which  there  are  great  numbers 
at  Freyberg,  I  have  never  remarked  their  tempera- 
ture to  be  higher  than  that  of  others }  even  in  the 
pyrites  mines  of  Catbarina  at  Rascbau^  and  Siarru'asser 
at  Graul,  I  was  not  able  to  observe  the  heat  which 
had  been  mentioned  to  me,  and  which  I  was  anxious 
to  discover. 

Thirty  years  experience  and  observation  have  fully 

convinced 
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convinced  me  of  th^  little  reliance  to  be  placed  on  the 
signs  of  the  existence  of  metallic  veins;  according 
to  the  ancients,  these  were, 

(a.)  Igneous  meteors,  seen  in  those  places  where 
veins  crop  out. 

(t.)  The  celerity  with  which  snow  melts. 

(r.)  The  diminutive  size  and  sickly  appearance  of 
plants  and  trees  growing  on  mountains  which  cotkr 
tain  metals. 

Our  ancestors  were  much  inclined  to  believe 
things,  which  we  now-a-days  do  not  credit,  and 
scarcely  ever  speak  of.  Such  pretended  appearances 
have  yielded  to  real  knowledge.  We  must  excuse 
them,  for  having  believed  and  admitted  things  (re- 
specting the  forn^ition  of  veins  and  minerals),  which 
tallied  with  the  theories  of  their  time.  They  wished 
to  appear  to  their  cotemporaries  as  persons  possessing 
experience  and  knowledge.  If  this  was  neither  can- 
did nor  proper  for  philosophers,  it  shows  at  least 
that  they  valued  the  theory  and  experience  of  which 
they  voluntarily  made  a  display. 

J  90. 

A  great  many  naturalists  consider  the  substance  0^ 
veins,    (ores  as  well  as  veinstones),    to  have  been 
formed,  or  rather  deposited  from  water,  which,  pas- 
sing 
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6ing  through  the  substance  of  rocks^  dissolved  cer- 
tain  earthy  and  metallic  substances  witli  which  they 
became  charged,  and  carried  them  along  with  them 
into  the  cavities  now  filled  by  veins  where  they  were 
deposited.  To  this  theory,  I  object,  i.  That  the 
substance  of  veins  (chemically  speaking),  is  generally 
of  a  nature  very  different  from  that  of  the  rock  in 
which  they  occur.  2.  That  in  one  and  the  same 
mountain  we  find  veins,  which,  tliough  interwoven^ 
are  of  very  different  nature.  3.  On  the  contrary. 
It  often  happens  that  veins  of  the  same  nature  are 
found  in  rocks  of  a  very  different  kind.  For  ex« 
simple,  in  our  mountains  of  gneiss,  among  the  mc'^ 
talliferous  veins,  we  often  find  veins  of  brown  spar 
or  heavy  spar*  How  great  is  the  difference  between 
the  nature  of  thes^  minerals  and  gneiss  ?  and  for  a 
stronger  reason,  what  a  difference  is  there  not  bcr 
tween  gneiss  and  metallic  ores  !  Farther,  in  Derby- 
^ire,  all  the  veins  which  occur  in  the  limestone 
rocks  of  newer  fprmatipn,  consist  of  heavy  spar  and 
fluor  spar ;  in  the  limestone  rocks  of  Saalfeldy  heavy 
$par  is  the  only  kind  of  veinstone  whiqh  occurs.  We 
will  hardly  meet  witli  any  place  where  we  shall  find, 
in  so  remarkable  a  manner  as  in  the  Freyberg  district, 
an  assemblage  of  veins  composed  of  several  different 
materials  ifi  o!|e  kind  of  fock^^  and  even  in  the  sam^ 

kind 
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kind  of  country.  We  there  find,  lying  ne^  to  one 
another,  veins  of  quartz,  of  heavy  spar,  of  heavy 
and  fiuor  spars,  of  loam,  and  these  veins  often 
crossing.  We  will  see,  in  the  tenth  chapter,  that 
the  ores  contained  in  these  veins  are  almost  as  va- 
rious in  their  nature  as  the  veinstones.  How  is  it 
possible  that  one  ^d  the  same  mountain,  one  and  the 
same  kind  of  rock,  (for  in  almost  the  whole  country 
we  see  nothing  but  gneiss),  could  have  fumished  tuck 
ft  variefy  of  diflerent  formations:  these  formations  an 
indeed  contained  in  veins  that  have  different  direc* 
tions,  but  they  mostly  all  j<Mn  together,  and  must  of 
consequence  have  been  filled  by  the  same  canals  (of 
infiltration). 

When  in  one  and  the  same  mountain,  in  one  and 
the  same  kind  of  rock,  three  veins  cross,  one  of  which 
contains  heavy  spar,  the  other  quartz,  and  the  third 
brown  spar,  (which  is  by  ito  means  a  rare  occurrence 
in  this  district)  i  how,  in  this  case,  I  would  ask» 
where  these  three  veins  have  the  same  canals, 
is  it  possible,  that  water  could  have  taken  up 
heavy  spar  to  be  deposited  in  one  vein,  that  in 
the  same  rock  it  should  only  have  been  impregnated 
Vith  quartz  to  be  deposited  ia  the  second  vein,  and 
and  brown  spar  for  the  third.  At  Ebrmfriedersdorfy 
in  the  same  place^  there  are  veins  of  silver  and  of 

tin^ 
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tin,  which  have  a  diflmnt  direction,  and  cross; 
how,  I  ask,  in  th«  same  rock  can  water  be  load- 
ed with  particleB  of  silver  to  be  carried  into  one 
vein,  and  with  particles  of  tin  to  be  conveyed  into 
another  ?  Is  !t  possible  to  conceive  that  this  re^y 
can  happen  ? 

'  With  respect  to  the  existence  »f  one  and  tie  tame 
firmtOioH  wfvntu  in  rocks  of  different  natures,  I  have 
to  observe,  that  die  oldest  lead  glance  formation  in 
dns  country  (iriuch  consists  of  lead  glance,  black 
blende,  arsenic  pyrites,  copper  pyrites,  iron  pyrites, 
4)uaitz,  and  a  small  quantity  of  brown  spar),  oc- 
cnn, 
.  At  Freybeig,  in  rocks  of  gnnttt 

Near  Mohom,  in  rocks  f^  porphyry,  and 

Neat  Mintzig,  in  rocks  of  clay  tlait. 

In  like  manner,  the  lead  glance  formation,  poor  in 
ailver,  and  containing  heavy  spar  and  fluor  spar  oc- 
curs, 

Near  Freybei^,  in  rocks  of  gntus,  and 

At  Derbyshire  in  England,  in  Umettrnt  rocks. 

This  circumstance,  of  the  existence  of  a  vein  for- 
mation in  rodu  rfiat  are,  chemically  speaking,  of  dif- 
ferent natures  lat  the  rocks  of  a 
mountain  hawi  these  formations. 

The  faluty  ve  have  just  been 

attacking 
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attacking  in  this  paragraph^  is  still  farther  demon- 
strated by  the  internal  structure  of  veins.  Veins, 
as  has  already  been  said,  are  composed  of  layers  pa« 
rallel  to  their  sides  ;  crystals,  and  their  impressions, 
show  clearly  that  the  external  layers  have  been  first 
formed  :  now,  had  veins  been  formed  by  internal  in- 
filtrations, these  first  layers  must  have  shut  up  the 
openings  of  these  pretended  canals ;  in  this  way  the 
entrance  of  all  new  matter  must  have  been  obstruct- 
ed, and  the  formation  of  the  vein  stopt* 

We  may  still  farther  observe,  that  the  circulation 
of  the  waters,  which  this  hypothesis  necessarily  re- 
quires, could  never  take  place  in  those  parts  of  veins 
and  their  branches  which  are  below  the  level  of  tlie 
foot  of  mountains.  Farther,  in  the  open  rents  and  fis- 
sures of  veins  found  in  mines,  there  often  is  a  great 
<ieal  of  moisture ;  but  tliat  in  a  compact  rock,  whith 
is  little  rent,  chiefly  when  the  strata  are  horizontal, 
the  rock  is  often  very  dry,  to  the  great  prejudice  of 
the  miners,  who  are  driving  galleries  across  them. 
Again,  the  waters,  which  having  penetrated  into  the 
rocks,  dissolved  and  carried  with  them  a  sufficient 
quantity  of  earthy  and  stony  matter  n^cesaary  for  the 
formation  of  such  a  number  of  veins  as  are  found 
close  together  at  Freyberg,  or  of  the  targe  veins  of 
the  Hartz,  ought  to  have  left  considerable  open  empty 

spacea 
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spaces  in  the  rocks,  which,  however,  is  nowhere  to 
be  seen.  Besides,  in  those  parts  of  the  rocks  at  a  di- 
stance from  veins  and  metallic  beds,  we  do  not  find 
the  least  indication  of  metallic  substance,  if  we  ex« . 
cept  a  few  insignificant  particles  of  iron.  Finally, 
we  may  object  to  this  theory,  that  if  the  waters  which 
have  filtrated  through  the  rocks  have  dissolved  a 
great  quantity  of  metallic  matter,  and  become  charged 
with  it,  the  water  whidi  flows  from  metallic  veins 
ought  to  carry  along  With  it  a  quantity  of  metallic 
particles^  ^which,  however,  does  not  occur  even  in 
those  countries  which  contain  the  greatest  number  of 
mines :  such  water  rarely  contains  a  small  proportion 
of  iron;  scarce  ever  any  particles  of  copper;  never 
silver,  lead,  tin,  zinc,  cobalt,  mercury^  arsenic,  &c. 
The  observati<Mis  which,  in  this  paragraph,  have 
been  made  on  certain  districts,  in  which  we  find  veins 
near  one  another,  each  containing  ores  iji  different 
natures,  as  well  as  on  the  obstrtfetion  to  the  canals 
of  infiltration  by  the  first  layers  of  veins  formed  im-* 
mediately  on  their  walls»  may  be  equally  urged  as 
objections  against  the  theory  refuted  at  §  87,  which 
theory  ascribes  the  formation  of  veins  and  ores  to 
metaUic  exhalations  arising  from  the  interior  of  thr 
globe. 
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It  rcmaips  for  me  now,  to  examine  and  refute  the 
fourth  theory  of  the  formation  of  veins.  Zimmer- 
man, who  18  the  author  of  this,  st^poica  the  rock  u> 
be  trfliver$ed  by  small  rents  and  iif aiire9>  into  wUdi 
certain  solvents  have  been  introduced  that  have  trans- 
formed die  malfcf  of  tb^  rock  into  that  of  the  vein. 
The  objection  to  be  made  to  this  theory,  and  which 
is  siifliqieotly  stroi^  to  overtuin  it  altogech^,  is,  that 
iiot  only  all,  correct  observations  made  on  the  sub* 
stance  of  rocks  and  v^qs>  (as  well  upon  the  fossils 
in  particular,  as  upon  thi?  arrangement  and  disposi^ 
tion  which  they  have  among  themselves),  but  abo 
aU  experiments  hitherto  made  in  the  laboratories  of 
the  chemists,  absolutely  contradict  the.  transmuta* 
tion  of  the  simple  and  elementary  particles  of  bodies^ 
such  as  the  trans farmation  of  one  earthy  base  into 
another,  or  of  an  earth  not  of  a  metallic  nature  into  a 
metal,  &c. 

The  intransmutability  of  liie  simple  and  elemen- 
tary parts  of  bodies,  is  one  of  the  fundamental  and 
immoveable  pillars  of  chemistry* 

We  howhete  see  even  a  trace  of  such  transmuta- 
tion ;  and  hitherto  not  the  least  fact,  t>r  one  single 

experiment^ 


I. 
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acperiment,  can  be  quoted  really  in  proof  of  it.  For 
when  one  mineral  is  changed  into  another^  dia^  b  to 
say,  when  a  mineral  loses  one  of  its  constituent  parts, 
and  acquires  a  new  one  i  for  examplei  wfaen  native 
silver  is  changed  into  silver  glance,  when  felspar  ia^ 
changed  into  porcelain  earth,  drwfaeniibn  pyrites 
becomes  imn  ochre;  then  one  mineral  is  actually 
changed  into  another,  but  the  simple  elementary 
particles  have  not  suffered  any  change  in  themselves; 
it  is  always  the  same  argillaceous  earth,  the  same 
silex,  the  same  iron,  the  same  silver.  Eveii  when, 
in  the  same  specimen,  we  meet  with  particles  of 
heavy  spar  and  quartz,  or  siliceous  and  calcareous 
particles  mixed  together,  we  cannot  conclude  that 
the  spar  has  been  changed  into  quartz,  or  die  sili- 
ceous imo  the  calcareous  earth,  and'  redprocally : 
but  rather,  that  the  stones  which  compose  the  same 
specimen,  have  been  formed  beside  one  another  at. 
the  same  or  different  times.  In  $  58,  59,  70,  71^ 
72,  73,  I  have  noticed  several  of  diese  pretended 
proofs  .of  the  transmutation  of  the  rock  into  the 
substance  of  veins ;  and  I  have  shown  how  uncon* 
vincing,  and  even  how  inadmissible,  these  proofs 
are. 

1  shall,  however,  afford  the  followers  of  this  theory 
an  opportunity  of  placing  it^  if  itbe  possible,  on  a 

more 
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more  solid  foundation^  and  of  bringing  ibcwaxxi  clear 
proofs,  suqh  as  are  capable  of  supporting  it,  which 
they  will  have  it  in  their  poWer  to  do  by  answering 
the  following  questions.  What  is,  I  ask,  in  the  first 
place,  this  active  chemical  agent  possessing  such 
powers,  which  can  change,  and  must  have  changed, 
quartz  and  mica  into  gold  and  silver,  and  sandstone 
into  coal  ?  What  is  the  nature  of  this  powerful  agent? 
Do  we  know  any  thing  similar  to  it  in  nature,  or 
which  approaches  near  .to  it  ?  Has  there  ever  been 
qbserved  any  where  such  a  matter  which  still  conti- 
nues to  act  ?  Is  there  one  certain  experiment,  should 
it  be  but  a  solitary  instance,  which  proves  that  this 
substance,  capable  of  producing  such  great  changes, 
has,  in  spite  of  all  phemical  theories  and  expertments> 
converted  any  itoinera]  into  another,  whose  c^lementary 
parts  or  base  only  are  different  ?  In  such  a  fact,  which 
must,  however,  be  brought  forward  to  prove  this 
theory,  who  can  certify  that  the  mineral  said  to  be 
transformed  was  formerly  and  certainly  of  a  differ- 
ent nature  ?  Who  can  say  of  any  mineral  that  we 
see^  that  it  was  not  precipitated  from  a  solution,  b^t 
that  it  was  formerly  another  nAineral,  which  by  the 
assistance  of  some  known  or  unknown  principle'  has. 
been  transformed,  and  has  become  such  as  we  now 
see  it  i  Answers  given  to  these  questions^  and  deliT 

vered 
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vered  categcnrically,  viU  be  proofs  of  die  truth  and 
validity  of  this  theory ;  but  if  they  be  not  given,  or 
cannot  be  made,  then  is  this  theory  absolutely  divest- 
ed of  every  kind  of  sidpport. 

As  to  what  remains,  the  phenomena  and  peculiari- 
ties which  veins  present  are  any  thing  but  explained 
by  this  theory  ;  it  caimot  account  for  even  the  most 
simple  facts,  because  it  is  at  variance  with  the  whole 
of  them.  How  will  it  account  for  the  internal  struc- 
ture of  veins,  when  they  are  composed  of  different 
layers  of  crystals .  placed  upon  one  aiu>ther,  in  the 
centre  of  which  open  druses  are  contained  ?  We  see 
clearly,  that  it  is  by  one  crystallizadon  that  the  two 
outer  layers  are  formed  on  the  walls  and  roof ;  a  se- 
cond crystallization  has  produced  the  two  layers  next 
to  the  first ;  that  part  of  these  new  layers  which  has 
been  applied  to  the  former,  has  received  the  impres* 
sion  of  its  crystals :  on  these  second  layers,  on  each 
side,  newer  ones  have  been  deposited,  and  so  on  in 
succession,  till  we  arrive  at  the  middle  part  of  the 
vein,  which  often  presents  open  druses.  How  is  it 
possible  to  explain  all  these  peculiarities  by  the  theory 
of  transmutation  ?  Is  it  possible  to  conceive  that  the 
crystals,  often  of  a  great  size,  which  are  seen  in  the 
heart  of  a  vein,  can  have  been  produced  by  the  trans- 
iQutation  of  a  little  bit  of  gneiss>  or  of  granite  i  How 

can 
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can  such  z  transmutation  of  the  vock  produce  the  open 
druses  which  we  see  often  of  very  considerable  size 
in  veins  i 

Let  us  pass  10  the  substance  of  the  rem^  and  I  ask, 
how  can  this  theory  account  for  the  great  diversity 
which  we  observe  in  die  substance  of  veins,  and  the 
difference  in  the  difierent  kinds  of  ores  ?  Will  it  ex- 
plain how  certain  veins  have  been  filled  only  with 
coal  or  rock  salt.  Farther,  how  does  it  happen,  that, 
in  the  same  country,  we  find  veins  so  iBferent  in 
their  substance,  (for  example,  veins  of  lead  glance, 
veins  of  silver,  and  veins  of  copper,  &c^),  each  of 
which  has  a  diffident  direction?  There  are  veins 
whose  substance  is  very  compound,  in  which  one 
single  formation  contains  sometimes' six  or  eight  kinds 
of  difierent  fossils,  ii^  which  we  sometimes  find  two 
or  three  formations  together.  I  ask  if  the  transmu- 
tation of  the  rock  has  produced  all  these  difierent 
fossils  ?  One  single  principle  or  agent  cannot  surely 
have  changed  gneiss  into  lead  glance,  silver,  pyrites, 
quartz,  heavy  spar ;  and  if  to  change  one  rock'  into 
difierent  kinds  of  fossils,  or  to  transform  difierent 
kinds  of  rock  into  the  same  fossil,  (such  as  to  con- 
vert into  lead  glance,  either  a  small  piece  of  granite 
or  limestone),  if,  for  either  of  these  transformations, 
a  particuliur  agent  were  necessary,  where  should  we 

be 
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be  with  such  a  variety  of  agents  fit  to  produce  all  these 
nransmutatioBS  ?  I  ask  finaUy^  if  the  theory  of  trans- 
mutation can  account  for  the  rolled  pieces,  the  pe*- 
trifactionsy  the  fragments  of  rocks  which  are  found 
scattered  through  the  substance  of  reins  ?  The  pre* 
sence  of  such  in  veins  banishes  all  idea,  even  the 
most  remote,  of  transmutation. 

These  are  not  yet  all  the  objections  and  difficulties 
which  maybe  opposed  to  the  admission  of  this  theory. 
If  veins  owe  their  origin  to  a  substance  introduced  into 
narrow  fissures,  and  which  has  there  produced  a  trans- 
mutation of  the  substance  of  the  rock,  no  reason  can 
be  assigned  why  this  transmutative  substance  should 
not  equally  have  ixisinuated  itself  into  all  the  fissures 
of  mountains,  particularly  into  the  narrow  fissures 
(Schicbtttngs*41afte,  fissures  of  stratification),  which 
separate  the  beds  as  well  as  the  strata  of  rocks  from 
one  another,  and  why  it  diould  not  have  transformed 
the  whole  rock  into  veinstones  and  ores. '  Farther,  it 
is  difficult  to  conceive,  how  the  capillary  fissures^ 
which  this  theory  admits,  could  extend  above  a  mil^ 
in  length,  and  to  a  much  greater  depth ;  such  a  sup* 
position  is,  however,  necessary  to  explain  the  forma- 
tiou  of  large  veins.  No  more  can  we  see  why  such 
transmutation  should  not  happen  even  in  our  own 
time.    The  followers  of  the  theory  of  transmutation 

have 
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have  not  yet  detennined  whether  they  admit  the  for* 
mation  of  rents  and  fissures  in  rocks  firom  time  to 
time,  nor  whether  they  can  admit  these  fissures  to 
have  been  filled  from  above  by  matter  which  has 
been  precipitated  in  them.  If  they  refuse  to  admit 
the  £Drmation  and  existence  of  rentSi  I  shall  remit 
them  to  §  40*  where  I  have  diown  that  they  continue 
to  be  formed  in  our  own  times.  In  admitting  these 
rents,  they  must  allow  that  there  are  veins  which 
have  originally  been  fissures,  but  have  since  been 
filled  up  Mrith  matter  precipitated  in  them.  Then  I 
would  ask,  in  what  respect  do  veins  produced  in  this 
manner  differ  from  those  formed  by  transmutation, 
and  wherein  does  this  difierence  consist  ?  If  there  be 
none,  then  is  the  theory  of  transmutation  useless^ 
Lastly,  We  may  ask,  in  ^liiat  manner  have  minerals, 
such  as  we  find  in  veins,  been  produced  in  the  beds 
of  mountains  ?  It  is  not  possible  to  suppose  the  trans- 
mutation  of  beds.  For  if,  on  the  surface  of  the 
globe,  as  wdl  as  in  the  interior,  the  whole  had  cx« 
perienced  a  transmutation ;  which  part  of  its  sub- 
stance first  underwent  the  change,  and  became  what 
we  now  find  it  to  be  ?  But  if  the  ores  and  minerals 
in  general  which  we  find  in  the  beds  of  mountains 
have  been  formed  by  precipitation  (in  the  humid 
way),  what  hinders  us  from  supposing  the  same  sub- 
stances 
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Stances  when  they  occur  in  veins  to  have  been  form* 
ed  in  a  similar  way  ?  And  granting  this,  the  theory 
of  transmutation  becomes  superfluous. 

I  hope  what  I  have  said  on  the  fourth  principal 
theory  of  the  formation  of  veins,  is  enough  to  prove 
its  insufficiency,  and  to  show  bow  inadmissible 
it  is* 


AA 
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CHAP.  IX. 


OF  THE  APPLICATION  OF  THE  NEW  THEORY  OF  VEINS  T« 

THE  WORKING  OF  MINES. 


§92. 

After  having  completely  finished  the  exposition 
of  my  new  theory,  after  having  answered  the  objec- 
tions which  have  been  and  may  be  brought  against 
it,  and  after  having  refuted  the  former  hypotheses;  it 
only  remains  for  me  to  give  the  application  of  this 
theory  to  the  art  of  working  mines,  and  so  to  show 
Its  utility  'f  an  undertaking  which  I  enter  upon  the 
more  cheerfully,  as  I  have  studied  this  subject  not 
only  as  a  geognost,  but  as  a  miner.  The  advantages 
to  be  derived  from  this  theory  are  very  numerous, 
yet  I  shall  state  them  in  a  few  words. 

§93' 
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The  first  important  advantage  which  the  miner 
derives  from  this  theorj  is,  that  it  makes  him  ac- 
quainted  in  a  more  perfect  manner  with  the  physical 
state  of  the  different  districts  and  ranges  of  mines, 
and  thereby  serves  as  a  guide  to  direct  him  in  the 
examinations  which  he  is  obliged  to  make  in  the 
whole  of  a  district  in  general,  and  particularly  in 
searching  for  those  places  that  are  most  convenient 
for  working. 

The  new  theory  teaches, 

1.  To  know  the  different  depots  and  formations  of 
ores  which  occur  in  a  certain  district,  and 

2.  To  determine  their  extent  and  natural  limits } 
and, 

3*  It  directs  and  fixes  the  attention  on  the  crossings 
of  the  different  depots. 

§94- 

Secondly,  It  enables  us  to  distinguish  the  parttcu^ 
lar  repositarUsf  which  under  the  form  of  precipitates^ 
covfT  tie  bottom  of  the  reservoir  in  which  the  great  sch 
lution  from  which  they  were  formed  was  contained  \ 
such  as  the  bedi  and  lying  masses  oi  rocks,  together 

with 
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With  thosei  whicli,  under  the  form  of  precipitates, 
were  formed  in  deep  openings;  such  as  veins  of  every 
kind,  stochwerkes  and  standing  masses.  As  each  of 
these  repositories  has  its  own  mode  of  formation, 
different  from  that  of  others,  the  new  theory  enables 
us  to  d'rect  the  labour  of  working  the  mine  in  a 
manner  conformable  to  the  nature  of  the  substance 
worked  upon. 

$  PS- 
It  enables  us,  in  the  third  place,  to  determine  what 
veins  ought  to  be  worked  in  preference  to  others. 
For  although  this  may  be  determined 

By  the  kind  and  richness  of  the  ore  which  the  vein 
chiefly  contains ; 

By  the  size  of  the  vein  \ 

By  the  quantity  of  the  masses  of  ore  which  it 
containsi  and  their  distance  from  one  another ; 

By  the  abundance  of  metal  which  they  contain, 
and. 

By  different  other  circumstances  which  favour  or 
retard  the  labour  of  working-— 

Yet  we  ought  besides  to  have  an  eye  to  the  num« 
ber  of  precipitations  of  ore  which  may  have  been 
produced  in  the  vein  -,  that  is,  to  the  number  of  me- 
tallic formations  which  it  may  contain. 
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This  theory  serves,  in  the  fourth  place*  to  facilitate 
and  complete  the  investigation  of  the  parts  of  the 
vein  where  the  ore  is  found.  For  when  I  know 
where,  and  in  what  manner,  a  metalliferous  forma- 
tion  occurs  in  a  vein,  I  am  able  to  go  more  directly 
to  the  mass,  or  the  place  where  the  ore  is  con- 
tained. 

$97- 

Fifthly,  It  enables  us,  principally  by  being  able  to 
determine  the  relative  age  o£  veins,  to  judge  with 
certainty  of  the  peculiarities  which  they  present 
when  they  meet,  traverse,  join,  ramify  and  de«* 
range  or  intersect  one  another,  whfth  may  assist 
the  miner  in  extricating  himself  from  the  difficulties 
into  which  he  may  have  been  thrown  by  these  acci* 
dents. 

Farther,  my  theory  throws  light  on  the  relation  of 
veins  to  the  beds  and  strata  of  mountains  in  which 
they  occur,  and  reciprocally  on  the  relation  of  the 
beds  and  strata  to  the  veins. 

J  98. 


^ 
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$98. 

When  we  meet  with  a  vein,  we  can  by  means  of 
this  theory,  better  than  by  any  other,  determine 
whether  it  be  one  that  we  are  already  acquainted 
with,  or  whether  it  be  a  different  one.  I  believe  that 
in  ascertaining  this  point,  we  have  hitherto  proceed- 
ed too  much  according  to  rule,  without  having  paid 
sufficient  attention  to  nature. 

§99. 

In  the  seventh  {flace,  this  theory  teaches  us  whe- 
ther or  not  the  rock  cpntributes  to  the  formation  of 
Aietallic  veins.  It  shows  us  that  the  rock,  consider* 
ed  in  itself,  has  no  influence  on  the  quality  of  the 
ores  which  ar#found  in  the  veins,  but  that  their  for- 
mation depends  upon  the  age,  or  rather  the  existence 
and  disposition  of  the  mountain  at  the  time  it  was  co- 
vered by  the  solution  from  which  the  matter  of  the 
veins  has  been  precipitated.  It  explains  to  us  how 
new  rocks  have,  in  forming,  covered  the  more  ancient 
ones  \  so  that  the  veins  which  these  last  contain,  not 
being  able  to  traverse  the  rocks  of  posterior  forma-^ 
tiott,  cannot  show  themselves. 

§  ICO. 
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§  100. 

• 

Eighthly,  It  furnishes  a  method  and  language,  as 
well  for  observation  and  practical  ifivestigations  and 
operations,  as  for  the  theoretic  and  scientific  ex» 
position  of  this  part  of  mineralogy  and  the  science  of 
mines. 

In  continuing  to  investigate  and  apply  this  tlieory, 
new  advantages  will  very  likely  be  discovered,  for  it 
is  as  yet  but  in  its  infancy. 

$  lOI. 

'  In  the  working  of  mines,  cases  may  occur  to  which 
my  theory  may  be  immediately  applied ;  more  fre* 
quently,  however,  but  little  advantage  can  be  expect-* 
ed  from  a  solitary  application  made  #ithout  regard 
to  the  system  itself  in  all  its  bearings ;  it  may  [some- 
times even  lead  into  error,  and  such  applications  may 
beget  distrust  in  it*  For  with  the  exception  of  a  few 
general  propositions  which  are  easily  understood,  it 
is  too  complicated,  and  too  much  above  the  attain- 
ments of  the  generality  of  persons  employed  in  the 
service  of  the  mines.  It  requires  a  degree  of  com- 
bination and  sagacity  in  the  observer,  who  ought  to 
be  familiar  with  the  theoretical  principles,  accustom- 
ed 
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ed  to  make  particular  observations,  and  in  the  habit 
of  combining  them.  Persons  who  possess  these  qua- 
lities, can  alone  make  use  of  my  theory  with  profit ; 
so  the  application  of  it  can  chiefly  be  made  by  direc* 
tors  and  counsellors,  who  superintend  the  works  of  a 
whole  district :  it  may  be  useful  to  them  if  it  be  sup- 
ported by  sufficient  observations,  if  it  be  in  a  manner 
made  local,  and  if  their  observations  be  collected  and 
arranged  in  a  proper  manner.  Thus,  in  all  the  la- 
bours of  working  that  may  be  undertaken,  it  will  af- 
ford light  to  these  directors  and  counsellors,  as  well 
as  instructions  on  the  state  and  nature  of  the  mineral 
repositories,  but  more  particularly  the  veins  which 
are  found  in  their  districts.  *  " 

§  102. 

If  a  perso#wish  to  apply,  with  advantage,  my 
theory  to  the  working  of  the  mines  in  a  district,  it  is 
absolutely  necessary  to  commence  by  collecting  and 
arranging  in  a  proper  order  all  the  knowledge  which 
he  possesses  of  the  repositories  of  the  fossils  known 
to  be  in  the  district,  and  capable  of  being  worked, 
as  well  as  ascertaining  the  relations  which  these  re- 
positories bear  to  one  another.  This  may,  and  ought 
to  be  done  in  two  different  ways  ;  in  the  first  place, 
a  geognostic  plan  of  the  district  ought  to  be  con- 

•  structed 
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structed  according  to  the  principles  of  the  new  theo- 
Tj,  and  there  should  be  jpined  to  it  a  geognostic  de« 
scription  of  the  district*  This  plan  avd  description 
should  be  constructed  according  to  the  same  prin^ 
ciples^  be  equally  completCi  and  have  such  a  relation 
to  each  other  that  the  same  explanation  may  apply 
to  both.  If  these  two  works  be  properly  completed 
and  made  with  accuracy,  they  will  form  a  ground- 
work, on  which  may  be  constructed  in  the  surest 
m^ner,  all  the  plans  and  schemes  relative  to  the 
working  of  mines  in  the.  district  wliere  they  occur. 

« 

$  103. 

'  'The  geognostic  plan  of  a  country  should  consist 
of  two  maps  or  principal  designs ;  one,  the  ground 
plan  taken  at  the  surface,  and  may  be  called  the  ex« 
tcmal  plan  or  territorial  map  of  thq^ district}  the 
other  should  be  a  plan  or  horizontal  section  made  in 
the  interior  of  the  earth,  and  it  is  upon  this  that  all 
remarkable  geognostic  objects  are  to  be  traced.  That 
this  section  may  be  .made  in  the  most  advantageous 
manner  it  should  pass  through  the  bottom  of  one  of 
the  draining  levels,  particularly  through  that  which  is 
traversed  by  the  greatest  number  of  galleries  or  sub« 
tcrranean  shafts,  and  where  consequently  the  strata 
are  best  known :  for  this  reason  it  should  pass  through 

BB  the 
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the  deepest  draining  gallery  or  level  of  the  district 
This  design  should  be  entitled  Internal  Plan  of  the 
District,  or  rather  Section  or  Plan  of  the  Bottom  of 
the  Gallery.  On  these  two  kinds  of  plan  should  be 
marked  not  only  the  difierent  kinds  of  rock  and  their 
extent,  distinguished  from  one  another  by  pale  co- 
lours, but  the  difierent  mineral  repositories  shoaUf 
be  traced  (beds,  veins,  &c.),  attenifing  to  their  (tirec- 
tibn,  turnings,  variations  and  size,  as  far  as  possible. 
On  these  plans  shouM  be  marked  the  remarkable  ihd 
known  beds  and  strata  of  the  rock,  asthe^beds  of 
porphyry,  hornblende  slate,  quartz»  limestone,  and 
such  like  beds. 

The  vein  formations  must  be  distinguished  by  co* 
lours  diiFerent  from,  and  of  a  deeper  shade  than  those 
diat  characterize  the  rocks,  being  particularly  atten- 
tive to  mark  Vie  intersections  and  derangements  of 
the  veins.  On  the  external  j^lan  should  be  marked 
the  situation  of  the  vein.  As  the  level  on  which  the 
internal  plan  is  constructed  is  driven  upon  the  veins 
of  the  district,  the  plan  of  die  level  will  contain  ^ 
that  of  die  veins:  that  part  of  the  vein  through  which""  * 
the  level  runs  might  be  represented  by  lines ;  and 
the  rest  of  die  direction,  in  case  it  shonld^be  already 
known  by  odier  'worfki,  may  be  given  in  dotted 
lines. 

In 
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In  the  following  way  we  may  nearly  repiesent  the 
size  of  veins  and  other  repositories.  We  can  mark 
by  an  ordinary  line  such  veins  as  are  six  inches  thick, 
or  under  it ;  veins  that  are  from  six  to  20  inches 
thick  may  be  distinguished  by  a  line  the  i(idi  part 
of  an  inch  in  thickness }  from  20  inches  to  a  fathom 
the  line  may  be  the  I2th  part  of  an  inch  thick  i  and 
if  the  vein  be  several  fathoms  thick,  it  may  be  repre- 
sented by  a  lin^  the  eighth  of  an  inch. 

With  respect  to  the  colours  to  be  given  to  the  dif- 
ferent mineral  reppsitories  and  metalliferous  veins* 
they  will  be  regulated  by  the  metal  which  is  thp 
principal  object  for  working  the  mine.  Thus  for 
gol4»  yellow  wi}l  be  employed }  for  silver*  red ;  for 
copper,  green ;  for  le^d,  blue*  But  as  the  primitive 
colours  are  not  sufficiently  numerous  for  distinguish- 
ing  all  the  metals,  we  may  employ  thS  same  colour 
which  i;  made  use  of  in  one  country  to  denote  a  dif- 
ferent metal  m  another  country :  or  to  distinguish  a 
metal  we  may  make  use  of  a  shade  of  one  of  the 
primitive  colours;  for  exa|nple,  silver  nuy  be  de~ 
noted  by  a  yellowish  red,  and  mercury  by  a  bluish 
red. 

To  avoid  any  greater  length,  I  omit  the  other  de- 
tails relative  to, the  composition  of  the  plans* 

These  plans,  designed  with  correctness,  wiU  in 

their 
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their  comparisons  afibrd  very  great  instructios^  and 
mutually  explain  each  other, 

$  io4« 

Such  plans,  for  extensive  districts,  drawn  upon 
'^  one  single  leaf,  would  be  greatly  too  large  and  in-* 
convenient  for  general  use ;  it  ^erefore  becomes  ne^ 
'  cessary  to  subdivide  them,  and  to  design  them  on 
separate  leaves,  so  that  each  may  contain  a  fourth 
part ;  and  in  case  of  necessity,  these  can  be  laid  to- 
gether, and  joined  so  as  to  form  a  whole.  Each 
quarter  may  contain  500  flthoms  in  length,  and  as 
much  in  breadth.  These  different  plans  may  be  laid 
down  in  relation  either  to  the  direction  of  the  prin^ 
cipal  veins,  or  to  the  true  meridian  of  the  place  or 
the  magnetic  meridian,  or  to  any  point  of  the  com* 
pass,  provided  the  direction  be  determined.  Each 
quarter  may  be  divided  into  different  compartments, 
to  which  separate  denominations  may  be  given,  and 
different  numbers  attached.  . 

This  subdivision  of  a  district  into  quarters  will 
facilitate  and  greatly  abridge  the  construction  of  ge- 
neral plans  ;  for,  after  having  once  parcelled  out  the 
district  into  quarters,  the  plan  of  eackcan  be  taken 
up  .separately. 

The  plans  of  the  quarters  may  also  serve  for  the 

construction 
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construction  of  a  particular  plan  of  the  ground  be-i 

« 

longing  to  any  one  mine. 

Besides  these  two  principal  plans  (the  external 
and  internal)  of  a  district,  we  should  also  have  for 
•ach  principal  vein,  a  plan  or  section  made  accord- 
ing to  its  direction  and  inclination,  as  well  as  a  ver- 
tical one  in  profile.  On  the  section  may  be  marked 
all  the  workings  which  have  been  made  into  the 
vein,  and  a  note  should  be  kept  of  the  successive  ' 
progress  of  each,  and  of  the  ores  which  have  been 
taken  out. 

$  105. 

The  description  of  a  mine  district  ought  to  con* 
tain  an  account  of  its  external  surface,  of  its  situa- 
tion, of  its  limits,  of  the  rocks  which  it  contains^  as 
well  as  the  relation  they  bear  to  one  anodier :  this 
description  ought  also  to  contain  an  exact  account, 
both  general  and  particular,  or  hither  individual,  of 
.  the  different  known  and  remarkable  mineral  reposi- 
tories contained  in  the  district. 

%  io<^. 

In  the  general  description  of  the  mineral  reposito* 
Ties,  we  must  determine  the  age  and  distinctive  cha- 
racter of  each  formatio9.    When  we  give  a  particu- 
lar 
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lar  description  of  each  of  these  repositories,  it  will 
be  proper  to  place  them  one  after  another,  in  the 
^ame  order  that  they  were  found  in  ^  they  must  be 
described  in  detail,  and  each  particularly :  we  must 
take  notice  of  every  thing  interesting,  and  which 
may  have  any  influence  on  the  future  labours  of 
working. 

5 107. 

Each  particular  description  of  difierent  mineral  r^ 
positories,  should  be  entitled  Account  of  the  different 
mineral  repositories  of  the  district.  The  title  of  the 
general  description  should  be.  General  and  geognostic 
description  of  the  district.  This  last  work  will  contain 
*  not  only  a  description  of  the  district  in  general,  but 
also  an  account  of  the  diflferent  mineral  repositoriet 
which  it  contains.  It  will  serve  as  a  ground^work 
for  all  particular  descriptions^  and  will  present  an 
outline  of  the  district.  It  will  be  in  a  measure  ah 
abridgement  of  the  particular  descriptions^  and  this 
jiast  will  be  the  developement  of  it. 

}  108. 

The  order  in  which  it  will  be  best  to  arrange  the 
particular  descriptions  is  the  following.  The  parti- 
cular description  of  each  repository  ought  to  be  con^ 

tained 
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tained  in  a  separate  sheet  properly  margined  and 
•numbered  }  these  sheets  should  be  disposed  in  orders  /     // 

in  pasteboards.     In  large  districts  that  are  divided  •    ** /     '''* 
into  quarters,  the  description  and  plan  of  each  di<-      ^  '      '  /  ^ 
atrict,  with  a  short  note  giving  an  account  of  the  re- 
positories which  it  contains,  should  be  put  together 
into  one  pasteboard. 

$  io9« 

As  in  this  treatise,  I  am,  properly  speaking,  only 
treating  of  veins,  I  believe  I  ought  to  eonfine  myself 
to  those  particulars  which  demand  attention  in  de- 
scribing them}  but  what  I  say  on  the  subject  of 
veins  will  apply  very  nearly  to  other  mineral  reposi- 
tories* The  foUowing  things  are  to  be  observed  in 
giving  the  description  of  a  vein. 

I.  ^he  exttrwr  relations  of  tbi  veiny  which  compre^ 
hend, 

I.  Its  position.   In  this  we  have  to  remark 

A.  Its  distance  from  certain  fixed  and  known 
points. 

B.  Its  direction. 

C.  Its  inclination ;  that  is  to  say, 
0.  Its  angle  of  inclination. 

h  The  point  of  the  compass  towards  which  it  in* 
cUnes  or  dips, 

2.  /// 
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2.  Its  magnitude.    Here  we  have  to  consider^ 

A.  Its  width. 

•r 

B.  Its  extent,  which  includes 
«.  Its  length* 

b.  The  manner  in  which  it  terminates. 

C.  The  determination  of  its  course. 

D.  Its  ramifications,  if  there  be  any* 

II.  The  internal  state  of  the  vein.     On  this  part  we 
attend  to 

1.  TAe predominating  ores  and  veinstones  :  of  these 

A.  We  give  a  short  oryctognostic  description,  and 
note 

B.  Their -frequency. 

C.  The  order  in  which  veinstones  and  ores  are 
found  in  relation  to  one  another. 

D.  The  difFetent  variations  which  occur  in  certain 
parts. 

2.  The  ores  and  veinstones  which  occur  in  veins^ 
though  in  smaller  quantity, 

A.  Of  these  we  must  give  a  short  oryctognostic 
account,  and  mark 

B.  Their  frequency. 

C.  The  order  in  which  they  are  founds 

D.  Where. 

£.  Under  what  circumstances  they  occur^ 

3.  Wha^  concerns  Otkft  metalliferous  fartSf  that  in 

to 
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to  Baft  those  parts  o£  the  Tein  where  the  ore  occurs, 

A*  Their  size. 

B»  Their  richness. 

C  Their  frequency  and  distance  from  each  other> 
and 

D.  The  places  where  they  are  and  hare  been 
found,  noting  whether  diey  are  increasing  or  dimi- 
nishing. 

4«  Tie  €iber  internal  circumstances  of  the  rein,  viz. 

A«  The  druses. 

B.  The  fragments  of  rock  found  mixed  with  the 
substance  of  the  ydn. 

C.  The  'borders  (Besteg),  and 

D.  Whether  it  adheres  to  the  rock  or  not. 
in.  The  adfacent  rock :  of  which  we  remark, 

1.  The  nature  and  quality. 

2.  The  inclination  of  the  strata. 

3.  The  alteration  on  the  roof  or  wall,  which  com- 
prehentds 

A.  The -greater  or  less  degree  of  decomposition  it 
has  undergone. 

B.  The  metallic  particles  with  which  it  is  impreg« 
nated. 

4.  If  it  be  rent,  and  in  what  manner. 

CO  5.  The 
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5.  The  particnlsr  beds^  which  aecur  ia  the  rtck* 
Of  these 

A.  We  must  give  a  short  oiyctpgnosdc  and  geo- 
gnostic  description* 

B.  The  places  where  they  occur. 

C.  The  efiect  they  hare  on  the  vein,  and  recipro- 
cally. 

IV.  Tit  rdathn  of  tbt  vmn  ^ve  are  dacribing  t9  tbt 
vein  or  veins  ivbich  it  meetSy  and  reciprocally.  On  each 
of  these  reins  ti^  must  remark^ 

1.  The  point  of  meeting. 

2.  We  give  a  short  account  of  dieir  direction,  in- 
clination,  and  depth ;  of  the  nature  of  the  ores  and 
veinstones. 

3.  We  omst  describe  the  peculiarities  presented 
by  these  veins  in  their  mtiersectionft  with  the  princi^ 
pal  veins ;  that  is  to  say^ 

If,  after  meeting,  they  continoe  together  for  some 
time. 

If  the  veins  that  meet  the  principal  vrin  traverse 
it. 

If  they  are  traversed  by  it. 

If  they  pnoduee  ramiScations,  or 

If  they  break  it,  or  are  broken  by  it. 

If  they  derange  it,  or  are  deranged  by  it^  and  the 
magnitude  of  tlu»  derangement.- 

If 
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If  Aef  intercept  and  entirely  stop  the  course  of 
the  principal  vein^  or  if  they  are  intercepted  by  it. 

What  influence  and  changes  they  produce  on  the 
nature  of  the  veinstones  and  ores^ 

Such  are  the  principal  circumstances  to  be  noticed 
in  describing  veins ;  it  will  also  be  of  consequence 
to  keep  a  note  of  the  two  following  points* 

V*  Of  the  pri$ic^al  ofirattMs  m  the  way  of  work* 
ing,  done  in  the  vein  which  we  are  describing,  as> 
*    I.  The  excavations. 

a.  Hie  works  of  trial  which  have  been  made  on 
thevein,  more  particularly 

3*  The  principal  depth  to  which  they  have  gone 
in  the  vein. 

VI.  With  regard  to  the  me  rfihe  grants  in  which 
must  be  noticed, 

1 .  The  point  where  it  begins. 

2.  Hie  extent,  as  well  as 

A.  The  possessor,  and 

B.  The  length  of  it. 

'The  particular  description  of  a  vein 'will  be  given 
in  the  account  of  the  quarter  Where  it  cUifiy  occurs  ) 
in  other  places,  where  the  same  vein  may  again  ap* 
pear,  it  will  be  enough  to  refer  to  the  description  al- 
ready given,  only  mentioning  die  principal  changes 
uriuch  the  vein  may  have  suffered,  as  well  as  the 

works 
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works  driven  into  it  in  the  qiur^ 
then  describing. 


Jiio. 

A  certain  number  of  persons^  to  whom  suitaUe^ 
instructions  will  be  given,  and  whose  laboyrs  will  be 
suitably  directed,  must  be  charged  with  making  ^ 
particular  description  of  the  reinA  found  in  each 
mine ;  this  is  the  first  thing  to  be  done  in  order  to 
obtain  the  materials  which  are  necessary  for  com* 
pleting  the  account  of  the  mineral  rq;>ositoriesB  or 
rather  the  description  of  the  particular  repo6itDrie9 
which  ougl^t  to  form  the  general  account*  Some 
one  better  informed  should  then  be  appointed  to  ezat 
mine,  rectify,  and  put  in  ooder  these  first  materials  ^ 
he  must  even  go  to  the  spot  to  ezamiae  mote  partir 
cularly  the  objects  which  appeared  mc^  interesting. 

Such  an  account  of  n^neral  repositories  requires 
much  trouble,  and  a  considerable  timc^  to  render  it 
complete ;  but  from  the  very  commencemeAit,  every 
step  made  in  the  labour  will  be  profitable  and  useful 
of  itself.  likewise,  as  I  have  already  sud,  U  is  on* 
ly  by  adding,  from  time  to  time  the  new  observatioos 
arisii^  from  our  labour,  Aat  we  can  hope  to  render 
it  perfect  To  attain  this.wit)^  mo^  e^se^  it  will  be 
proper  to  order,  that  in  every,  district,  the  officers  of 

the 
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die  mines  give  an  account  not  only  of  every  new 
operation  in  die  working,  but  also  of  every  diange 
the  vein  suffers ;  so  that  in  every  thing  done  in  the 
mine,  whether  in  the  way  of  workii^,  traversmg,  or 
estamining  more  particularly  a  repository  already 
known,  every  obssrvation  may  be  sliortly  inserted  in 
a  journal  kept  for  this  particular  purpose. 

In  diawittg  up  an  account  of  different  mineral  re-: 
poutoriesi  it  will  abo  be  proper  to  make  a  collection* 
of  the  minerab  which  are  found  in  the  district ;  this 
should  be  done  geographically,  that  is  to  say,  follow- 
ing die  geognqphic  order  of  the  repositories ;  to  each 
q>ecimen  should  be  attsdied  a  small  note,  in  which 
is  marked  die  repository  and  place  where  the  mineral 
was  found,  the  quantity  of  it,  and  the  manner  in 
which  it  occurs. 

« 

§112. 

Such  a  eoUeedon,  the  plan  and  description  of  the 
district,  form  together  a  complete  instructive  whole. 
If  our  ancestors  had  left  us  sudi  documents  for  two 
centuries  past^  or  even  for  half  a  century,  what  ad« 
yants^  would  it  not  have  been  of  to  us  ?  From  what 
^ubts  wouM  it  not  relieve  us  ?  With  what  aniiety 

do 
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do  we  not  tium  oTer  die  leaves  of  attdent  chroniciet 
in  search  of  information^  (rften  very  imperfect,  cib- 
acnre,  and  uncertain?  With  what  pleasure  do  we 
not  reoove  die  kast  sketch  or  plan  of  some  ancient 
mine  f  Widi  what  pains  do  we  not  rake  up  die  old 
heaps  of  rubbish  brought  oat  of  old  excavations,  to 
discover  pieces  which  may  afford  us 'some  idea  of 
the  substances  which  were  formerly  worked  out? 
Yet  between  these  documents,  and  those  which  we 
might  obtain  in  the  way  pointed  out  in  die  preceding 

■ 

paragraphs,  there  is  as  madi  difference  as  between 
night  and  d^y*  Would  it  not  be  an  otbUgadon,  a 
duty,  for  us  to  collect  and  leave  to  future  generations 
as  much  instrucdon  and  knowledge  as  possible  on 
iite  labours  carried  on  in  our  mines,  wfaedier  it  be  in 
diose  that  are  sdl}  vrarked,  or  in  diose  whkh  ba:ve 
been  given  up. 


CHAP. 
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CHAP.  X, 


AN  ABRIDGED  ACCOUNT  OF  TH£  PRINCIPAL  METALLIC 
VEIN  FORMATIONS  WHICH  OCCUR  IN  THE  MINING  DI- 
STRICT OF  FREYBERG. 


I  SHALL  conclude  diU  treatise  with  a  short  applica- 
tion of  my  tiMory  to  the  miniiig  district  ci  Fieyberg^ 
by  describiag  die  different  formations  of  metallic 
veins  wbich  I  have  observed  in  it.  This  description 
will  not  only  senre  to  explain  and  ehiddate  my  theo^- 
ry,  but  may  also  he  regarded  as  the  banning  of  a 
description  and  more  exact  knowledge  of  the  di- 
etrict  of  Freyberg.  By  it  the  practical  miner  of  this 
country  will  be  enabled  to'  form  a  more  correct 
knowledge  of  the  nature  of  the  repositories  which  he 
works.  It  will  also  assist  in  the  practical  study  of 
veins  those  who  come  here  to  study  mineralogy  and 

geognosy : 
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geognosy :  those  pertoot  We  the  greater  occasioa  fof 
such  an  assistant  in  studying  our  TcinS)  because  they 
are  much  more  complicated  in  their  nature  than  the 
veins  that  occur  elsewhere. 

§114. 

Under  the  name  of  th  mning  distrid  df  Frejierg^ 
I  comprehend  that  natural  district  in  the  middle  of 
which  the  city  of  Freyberg  is  situated,  and  which 
contains  several  depots  of  metalliferous  veins^  if  I 
may  so  express  it,  interwoven  with  one  anotheiu 
The  mines  of  this  district  hare  for  several  centuries 
been  an  object  of  considerable  importance,  and  they 
still  continue  to  flourish.  Hiese  mines  are  near 
Creyberg  and  the  villages  of  Lossnitz,  Hilbersddxf, 
Weissenbom,  and*  Berthelsdorf  \  Brandy  St  Midiely 
£rbisdorfi^  and  Lai^;enau  \  Tnttcndorf ,  Conradsdor^ 
Halsbmcke,  Rothenfurth  and  Gfos4Schirma. 
•  This  district  appears  to  extend  southw;ard,  near  to 
Langenau,  not  quite  so  fsur  as  Gros^Hartmansdorfl^ 
but  to  Madisdorf,  and  almost  to  lichtenberg:  on 
the  east,  as  far  as  Weissenbom,  and  almost  to  Nau- 
cndorff,  without  going  to  Ober  and  Nieder  Bob* 
titseh:  on  the  north  it  extends  to  Niederschona, 
CrumheADuersdoif)  and  -stretches  almost  to  Hohe^ 

Tann^ 
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Tanne,  very  near  to  Girostchinna :  oii  the  west  it 
extends  to  Waltersdorf,  E[lein-Schinna>  and  Linde^ 
so  that  die  extent  of  this  district  is  nearly  two  Ger- 
man geographical  miles  long,  and  more  than  onb 
mile  broad.  But  as  it  is  Tery  difficult  to  fix  exactly 
the  limits  of  a  district,  as  well  as  of  a  depot  of 
mines  ^  and  farther,  as  there  are  no  determinate  li- 
mits in  nature,  singe  formations,  depots,  and  mine 
districts,  gradually  disappear  \  it  may  happen,  that» 
beyond  the  limits  which  I  have  assigned,  we  may 
find  some  traces  of  the  formations  which  belong  to 
the  district  of  Freyberg« 

The  jurisdiction  of  the  council  of  mines  at  Frey^- 
berg,  extends  over  several  other  small  districts  and 
depots  of  mines ;  sudi  as  the  districts  of  Voigtsberg^ 
of  GersdorflF,  of  Memmendorffi  the  depots  ol  Grundy 
Muntsig,  Scharfenberg,  firaunsdorff,  Ober-Schona^ 
FraQenstein,  and  several  others.  The  depot  of  silver 
at  Ober^Schona,  in  the  vicinity  of  Linde>  belongs 
perhaps  to  the  mining  district  of  Freyberg^  in  the 
proper  acceptation  of  the  expressioiu 

Within  the  limits  I  have  jtost  marked  out,  I  havt 
observed  at  least  eigllt  prindpal  depots  of  metallic 
teinSf  without  reckoning  some  others  of  less  note. 

i»-  These^ 
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These  depots  are  perfectly  distitict  from  o&e  another^ 
and,  for  the  most  part,  contain  several  differenf  me* 
tals.  I  shall  describe  the  principal  ores,  following 
the  order  of  their  relatire  age,  in  so  far  as  J  have 
been  able  to  ascertain  it  by  my  observations. 

§  ii6. 

The  first,  and  decidedly  the  most  ancient  of  these 
depots,  is  a  depot  of  argentiferdus  lead  glance.  On 
account  of  its  richness,  it  is  one  of  the  most  impor- 
tant in  the  whole  district ;  since  the  earliest  period 
of  working  the  mines  of  Freyberg,  it  has  mnnter- 
rnptedly  afibrded  a  large  quantity  of  lead  and  silver, 
and  a  smaller  of  copper  ^  and  it  continues  still  to 
yield  the  same.   It  consists  of 

Coarse  granular  lead  ghnce,  containing  from  one 
and  a  half  to  two  ounces  and  a  half  of  silver  tn 
the  quintal ; 
Common  or jtnie  pyrites  ; 
Btach  Uefkbi  in  large  grains  ;^ 
Common  iron  and  tiverpyriu^  and  sometimes 
A  little  copper  pyrites^  with 
A  little  sparry  ironstone^ 
The  veinstones  are  duefly 
^uartXi  sometimes 
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A  little  irown  spar  ;  and  rarely 

A  little  ealc^spar^  almost  always  crystallized* 

Of  all  the  fossils  of  this  fornution,  quartx  appears 
to  be  the  oldest,  and  to  iiave  been  first  produced. 

The  lead  glance^  bUuk  hlende^  iron^  arsenic  and  ccpper 
Pyrites,  appear,   for  the   most  part,  to  have  been 
formed  at  the  same  time,  but  later  than  the  quartz^ 
If  at  any  time  there  appear  to  be  any  difference  in 
the  time  of  the  formation  of  these  minerals,   the 
ilende  seems  to  be  the  oldest,  and  the  lead  glaoce  the 
newest.     The  sparry  ironstone,  and  the  brovm  spar, 
are,  however,  of  still  newer  formation,  for  they  are 
almost  always  found  in  the  middle  of  the  veins  of 
this  formation,    and  they  frequently  form   druses. 
The  calc-'Spar,  which  we  but  rarely  meet  with,  and 
in  small  quantity,  in  the  veins  of  this  formation,  i$ 
the  newest  fossil :  its  crystals  cover  the  Mralls  of  the 
druses.    Besides  the  minerals  we  have  just  mention* 
ed,  which  are  intimately  mixed,  and  compose  the 
body  of  the  vein,  there  are  sometimes  found  small 
portions  of  copper  pyrites  and  lead  glance  of  still  newer 
formation.     These  two  mineral  substances,   mixed 
with  a  little  quartz,  are  almost  always  found  crystal* 
lized  on  the  brown  spar  ;  but  they  are  always  under 
the  calc-^par,  and  consequently  are  older*    The  cop* 
per  pyrites  occurs  in  smaller  quantity  than  the  five 

othef 
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Other  minerals  which  we  hare  just  9p6ktn  oft  and  it 
appeals  to  me  that  they  do  not  occur  in  all  the  veins 
of  thb  formation.  In  some  of  diem  we  meet  widi  a 
little  grfy  copper  ore^  which  always  occurs  massire  or 
disseminated,  and  mixed  with  the  copper  pyrites : 
sometimes  it  eiren  approaches  much  (o  the  nature  of 
this  last  mentioned  mineral.  I  am  uncertain  whether 
it  belongs  to  this  formation^  or  if  it  do  not  constitute 
a  particular  one. 

The  depot  occurs  most  generally  in  the  northern 
Teins  \  it  extends  to  the  east  and  ffisath  of  Freyberg, 
and  consequently  occupies  the  greater  part  of  the  di* 
(trict  of  Hohe-Birke*  The  size  of  these  veins  varies 
from  six  inches  to  two  feet  and  a  half ;  and  they  ocr 
Cur  in  great  number.  The  principal  ones  are  the 
western  vein  Abraham  of  Neue-Morgensteni ;  the 
eastern  vein  at  Morgenstem ;  the  northern  veins 
Kirschbaum,  Abraham,  Thurmhofi^  Joseph,  Kuhr 
schacht,  Thomas,  Kroner,  Junge-Hohe-Birke,  lonas^ 
and  Junge-Mordgrube.  Those  in  which  copper  pfr 
rytes  is  chiefly  found,  are,  the  western  vein  Abra* 
ham,  the  eastern  vein  Morgenstem,  the  northern 
veins,  Abr^m^  Euhschacht,  Hohe-Birke,  £>dnei:» 
Junge-Hohe»Birke,  and  Jonas.  Those  that  contain 
grey  copper  ore^  are  the  northern  veins,  Hohe-Birke^ 
Kroner,  Junge-Hohe-Birke,  Jung- Andreas,  Jonas,  and 

some^ 
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jftoxne  others  in  the  mines  of  Junge*Thunnhoff)  Ro^ 
einkrantz  and  Beschert-Gluck ;  but  I  have  not  yet 
been  able  to  ascertain  whether  these  last  mentioned 
veins  belong  to  the  formation  I  have  described,  or 
if  they  do  not  constitute  a  particular  formation. 

There  are  two  small  depots  of  this  formation  be- 
yond the  Freyberg  districtj  viz.  in  the  Grund,  and 
at  Muntzig  \  the  former  occurs  in  a  rock  of  porphyry, 
and  the  latter  in  clay  slate.  As  this  depot  or  forma- 
tion occurs  in .  these  two  varieties  of  rock,  we  may 
conclude  that  it  is  newer  than  them>  It  may  per- 
haps be  also  found  in  different  parts  of  the  Erzge- 
birge ;  the  depot  of  lead  at  Drehbach  appears  to  be- 
long to  this.  I  am  not  in  possession  of  a  sufficient 
number  of  facts  to  be  able  to  say  any  thing  with  cer- 
tainty on  the  others.  Nor  can  I  say  with  confidence 
that  this  formation  occurs  out  of  Saxony ;  we  know 
that  black  blende  and  arsenic  pyrites  occur  in  many 
parts  of  this  country,  more  frequently  than  any  where 
else. 

$1x7. 

The  second  depot  of  the  mining  district  of  Frey- 
berg, which  is  a  depot  of  silver  and  leady  is  the  most 
important  depot  of  this  district,  in  regard  to  the 
quantity  of  silver  which  it  has  yielded,  and  still  con- 

tinues 
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tinues  to  yield :  the  ores  of  which  it  is  composed^ 
are, 

LeaJ  glance^  large  and  small  granular,  and  rery 
rich  in  silver ; 

Black  blende^  small  granular  ; 

Common  iron  and  liver  pyrites^  and  almost  always 

A  little  arsenic  pyrites. 
Further, 

Dark  red  silver  ore  s 

Brittle  silver  ore  ; 

White  silver  glance j  and 

Plvmose  antimony  ore* 
The  veinstones  are,  r 

Principally  quartz  ; 

Much  brown  spar^  and  often 

Calc  spar* 

In  this  formation  it  is  very  easy  to  distinguish  the 
age  of  the  difi^rent  kinds  of  minerals  which  it  con- 
tains. The  quartz  b  almost  always  the  oldest,  being 
constantly  deposited  on  the  walls  of  the  vein.  Its 
crystals,  in  hexagonal  prisms,  implanted  at  one  of 
their  ends,  form  the  walls  of  the  druses.  Upon 
and  in  these  walls,  we  find  black  blende,  arsenic  py* 
rites,  lead  glance  and  tron  pyrites.  The  blende  and  tf  r* 
senic  pyrites  appear  to  be  the  oldest  formation.  Next 
to  them  comes  brovm  spar  $  after  that  the  three  ores 

of 
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of  silver,  viz.  brittle  silver  ore^  red  silver  ore,  whtie 
silver  ore;  to  these  succeeds  lead  glance^  and  some* 
times  a  small  portion  of  common  iron  pyrites.  The 
lead  glance  appears  to  be  the  oldest  of  these  five 
substances;  and  the  three  ores  of  silver  seem  to 
have  been  produced  at  the  same  time.  Sometimes 
we  find  above  these  ores  of  silver,  some  very  small 
and  sharp  pointed  crystals  of  quartz.  Lastly,  We 
find  the  calc^spar,  which  when  it  does  occur  is  the 
newest  fossil,  and  always  occupies  the  middle  of 
the  vein ;  and  when  there  are  druses,  its  crystals 
line  the  sides  of  them.  The  plumose  antimony  ore  oc- 
curs but  seldom  in  the  veins  of  this  formation,  and 
then  always  in  druses,  which  shows  it  to  be  the 
newest  of  the  minerals  of  the  formation.  I  believe 
it  to  have  been  contained  in  the  same  solution  with 
the  three  silver  ores,  but  to  have  been  the  last  preci- 
pitated. 

Although  the  minerals  which  compose  this  forma- 
tion occur  almost  always  together  in  the  same  veins, 
it  sometimes  happens  that  the  hlack  blende^  the  arsenic 
pyrites f  the  lead  glance,  and  the  iron  pyrites,  occur  aU 
most  alone  with  the  quartz  and  a  little  brown  spar ; 
at  other  times,  on  the  contrary,  the  brittle  silver 
glance,  the  red  silver  ore,  the  white  silver  ore,  and 
the  lead  glance,  occur  with  the  quanz  and  brown 

spar 
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tpar  alone ;  and  when  these  last  metitioned  ores  ztt 
in  the  same  vein  widi  the  first,  they  almost  -always 
occupy  the  upper  part  of  it.  ^rom  this  it  appears 
that  this  formation  might  be  subdivided  into  two 
others,  of  which  the  one  that  contains  the  silver  ores 
is  decidedly  the  newest.  But  as  these  two  formations 
occur  almost  always  in  the  same  vein,  I  in  the 
mean  time  consider  them  of  one  formation.  If  we 
wish  to  separate  them,  the  first  may  be  called  the 
depot  of  lead  glance  rich  in  silver,  and  the  second 
may  be  denominated  the  depot  of  red  and  white  sil- 
ver ore.  Thesbrown  spar  of  this  last  formation  has 
generally  a  flesh  red,  sometimes  a  rose  red  colour ; 
when  it  happens  to  be  crystallized,  the  crystals  have 
the  form  of  Imall  common  lenses.  These  two  for- 
roations  do  not  difier  much  in  their  age ;  they  are 
older  than  the  following,  but  newer  than  those  that 
have  been  described  in  the  preceding  paragraph, 
which  are  the  oldest  in  the  district  of  Freyberg. 

This  second  depot  occurs  in  the  south  and  south- 
west veins,  and  they  are  commonly  narrow,  from 
two  to  ten  inches  wide.  They  chiefly  occur  in  the 
district  of  Brand  i  in  the  greater  number  of  the 
veins  of  HimmelsfUrst,  Rosen,  Donath,  Gelobt  Land» 
Altgrunzweig,  VergnQte,  Anweissung,  Joel,  Palm- 
baum^  and  Herzog  August.     Also  in  the  mines 

Neu 


Keu  Clack  drey  Eichen,  Beschert  Glfkck^  aiid  Jung* 
Himmlisch^Heer ;  at  Alte  Elizabeth,  and,  if  I  am 
not  mistaken,  at  Krieg  and  Frfeden.  Beyond  the  di- 
strict of  Freyberg,  but  within  the  jurisdiction  of  the 
council  of  mines,  this  depot  occurs  again  in  the  di- 
strict of  Voigtsberg,  at  the  ridi  mine  of  Alte  HoflF^ 
nung  Gottes*  I  haTe  not  found  it  anywhere  out  of 
this  country,  but  in  Saiony* 

§  118. 

The  third  is  a  depot  of  lead  glance,  containing  but 
little  silver;  it  has  been  worked  from  the  earliest 
times^  and  contains 

Lead  glance f  which  yields  nearly  an  dunce  of  silver 
in  the  quintal. 

A  great  deal  of  iren  pyrites,  mostly  the  common 
kind. 

A  small  quantity  of  U&ci  blende,  and 

Almost  always  a  little  red  iron  ochre*, 
The  veinstones  are 

Quartz  i  sometimes  also 

Chlorite  earthy  mixed  and  surrounded  with  day. 

The  lead  glance  of  this  depot  is  often  in  lamellar 
concretkms. 

This  depot  appears  to  be  much  newer  than  the 
preceding.     It  is  only  found  in  the  northern  veins, 

SE  and 
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and  in  such  as  are  of  moderate  size.  It  is  diiefly 
found  10  the  district  of  the  citji  and  in  that  of  Hals* 
brukke.  To  this  formation  belong  the  veins  in  the 
mine  of  Priesterlicher  Glficliwunsch }  and  probabl|r 
also  the  veins  of  Anna  Fortum^  the  nortbeni  veins 
Dreyf altigkeu»  and  Nachtigal  near  Tuttendorff,  the 
veins  of  Himnelfarth  Chriatit  the  northern  vein 
Rothgrube,  and  several  othen.  AU  the  vdna  of  this 
districti  called  by  the  ancients  iseins  of  pyritety  belong 
to  this  third  depot,  according  to  every  appearance. 

The  fourth  depot  of  metalliferous  veins  in  this 
district  is  also  a  depot  of  lead  glance  containii^  but 
little  silver :  It  is  much  newer  than  die  pteceding. 
The  minerals  which  it  contain^  are^ 

Lead  glance^  almost  always  containing  from  a  quar- 
ter to  thne  quarters*  of  an  ounce  of  silver  in 
the  quintal. 

Radiated  pyrites  ;  sometimes 

Brovm  blende  in  small  quantity* 
The  veinstones  are  very  distinct,  and  consist  of 

Heavy  spar^  almost  all  the  varieties. 

Fluor  spar^  yellow,  pale  blue  and  white. 

A  little  quartz^  and  rarely 

Cole  spat. 

This 
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Thb  depot  occurs  most  commonly  in  veins  that 
are  from  a  foot  to  two  fathoms  wide :  they  have  ge- 
nerally a  western  direction.    It  is  chiefly  found  in 

ft 

the  district  of  HalsbrQcke ;  it  forms  a  vein  of  consi- 
derable  magnitude,  called  HdshrMchw  Spath^  as  well 
as  its  two  brancfaesi  one  of  ^w^ich  runs  westward 
to  Kurprinz,  and  the  odier  east  as  far  as  Lorenz 
Gegentrum.  This  same  depot  also  occurs  in  the 
veins  Isaai  FnuJemfein,  and  Kom  Siigmit  Fremdin^ 
and  in  several  other  veins,  which,  branching  oflF  at 
this  place,  and  taking  a  southern  direction,  stretch 
under  the  town.  Amongst  these  are  the  western 
veins  at  Morgenstem,  a  branch  of  the  western  vein 
Alrabam  rf  Neue  Morgetutern*  This  formation  oc- 
curs also  in  other  districts,  which  hold  of  the  council 
of  mines  at  Freyberg ;  among  others,  we  meet  with 
it  in  the  districts  of  Gersdorff  and  Memmensdorffl 
It  occurs  in  our  high  mountains  near  Tschopau,  at 
die  mine  Dreyfsiltigkeit.  In  all  these  three  places  it 
occurs  in  western  veins,  which  «0  GersdoriF  and 
Tschopau  are  very  large.  I  suppose  it  also  occurs 
at  Annaberg,  in  the  mine  Galilaische  Wirthschaft, 
and  in  several  others.  It  is  also  met  with  out  of 
Saxony,  as  in  the  greater  number  of  the  veins  at  the 
Peak  of  Derbyshire  in  England,  and  at  Gisloff  in 
Schonen,  a  proviAce  of  Sweden.     In  the  former  of 

thes^ 
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these  countries  it  is  contained  in  transition  limestone 
rocks,  a  proof  of  its  newness. 

I 

Along  with  the  formation  we  hare  just  deso^Md, 
there  occurs  another  which  consists  of 

Grtj  coppnr  ore  of  a  light  grey  colour,  and  rich  in 
silver. 

A  little  copper  pyrites^  and 

Lead  glancey  small  and  fine  grained. 
This  formation  occurs  in 

Horrutone  passing  tm  quartz  ; 

A  little  common  beenrf  spar^  and 

A  little  jffMT  ipar* 

It  seldom  occurs  but  in  the  veins  of  the  fonnatioa 
just  described,  and  there  in  particular  ramifications : 
it  is  nearly  of  the  same  age,  but  appears  to  me  to  be 
a  very  little  older. 

It  is  chiefly  met  with  in  the  large  vein  HaU^ 
Jffuckner  Spath  and  its  continuations;  in  the  veins 
near  Gersdorfy  and  near  Tsdjopqu  in  the  DreyfiA* 
ttghek* 

The  fifth  depot  of  metalliferous  veins  in  this  di- 

stri^ 
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Strict  is  of  native  silTer,  silver  glance,  and  glance  co- 
balt :  it  contains 

Native  silver,  capillary,  dentiform,  and  in  mem« 
branes  ; 

Silver  glance  ; 

Glance  cobalt,  commonly  die  reticulated ;  sometiroei 
also 

A  small  portion  oi  grey  copper  are  ; 

Lead  glance,  ricb  in  silver  ; 

A  little  brovm  blende,  fine  grained,  and 

Sparry  ironstone,  fine  grained.  - 
The  veinstones  are 

Heavy  spar  in  a  stat^  of  disintegration  ; 

Fluor  spar  of  a  violet  blue  colour,  and  fine  grain- 
ed. 

In  the  district  of  Freyberg,  diis  formation  always 
occurs  in  the  intersections  of  the  southern  and  west* 
em  veins ;  (the  former  contain  most  commonly  die 
first,  and  the  others  the  fourth  formation  which  we 
have  described),  sometimes  it  is  found  even  in  the 
middle  of  the  western  veins,  and  the  working  of  it 
has  in  some  places  been  very  profitable.  The  veins 
of  this  formation  are  chiefly  to  the  east  and  north  of 
the  city,  namely,  in  the  mines  of  Himinelfabrt,  &- 
gen  Gottes,  Scbtoseben,  Morgenstem,  and  Neue  Mor^ 
genstern*    The  considerable  profit  formerly  derived 

from 
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from  Morgenstern,  arose  from  this  depot:  the  ore  oc- 
curred at  the  intersection  of  the  western  Tcins  GW- 
morgin  and  SUber^Msent^  with  the  eastern  rein  of 
MorgemUrn*  This  formation  still  furnishes  the  con- 
siderable rerenue  arising  from  the  mines  of  Himmels- 
fahrt  and  Neue  Morgenstem ;  even  in  former  times 
it  must  have  yielded  a  large  quantity  of  silver^  and  it 
probably  was  the  one  which^  according  to  Albert 
the  Greaty  contained  the  capiHary  silver  which  was 
worked  in  the  middle  of  die  13th  century  *•  I  have 
observed  this  formation  in  the  Oier'-Erzgebirge  in  the 
district  of  Marienberg^  among  other  places  at  Drej' 
fMghiit  near  Tscbcpm$^  at  GlUdugarten  in  Hopfgar-- 
ten  below  Wolkenstein  g  in  the  district  of  Annaherg  at 
MarkuS'Roirmgf  Galildiscbe  JFirfhscbaJi,  as  well  as 
in  other  mines  near  Scbktau  and  Scbtibenberg*  I  am 
uncertain  if  it  occurs  anywhere  but  in  Saxony. 
The  grey  copper  ore,  rich   in  silver,   togedier 

with 


*  De  Mineralibus  et  Rebus  Metallicis  libri  quinque, 
auctore  Alberto  Magno.  i2mo.  Gilon.  1669,  p.  280.  281. 
in  the  following  words.  ^  Invehitur  enim  (sc.  argentuftn 
*^  nativum),  in  loco  Theutoniss  qui  dicitur  Wrieberg  quod 
^  sonat  liber  mons,  aliquando  molle  sicut  pultes  tenaces, 
**  et  est  purissixnum  et  optimum  genus  argenti.^^ 
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With  the  lead  gbnce  and  brown  blende  which  I  have 
met  with  in  this  formation^  maj)  a9  I  strongly  stis^ 
pect  they  do>  constitute  a  distinct  and  particitlar  for* 
Illation. 

i  122. 

The  uxth  depot  of  metallifecous  veins  is  a  depot, 
of  native  arsenic  and  red  silver  ore* 
It  contains 

Chiefly  natim  arsmc  and  light  red  silver  ore  s 

Sometimes  a  littk  orfwuni  s 

Rarely  a  little  c§ppfr  nickel  s 

Glance  cobtJi  i 

Native  silver  i 

Lead  glance; 

Inn  pyrites^  and 

Scarry  irteutane. 
The  ores  occur  in 

O>mmon  or  lamellar  heavy  spar  ; 

Gteenfluor  spar  ; 

Cole  spar  f  and 

A  little  br&vm  spar. 

This  formation  occurs  at  Freyberg,  in  the  intersec* 
tionsy  or  in  the  middle  of  veins^  particularly  those  of 
the  two  preceding  formations.  They  are  found  in  the 
middle  of  the  vein  in  the  mine  Kurprinz.  I  have  4een 

some 
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some  traces  of  it  at  LaaL  It  also  exists  at  BesJiir^ 
Gbkky  but  I  do  not  know  in  what  manner  it  occuxs. 
I  have  an  indistinct  recollection  of  having  also  seen 
it  in  the  mine  Himmilfabri  and  Gatt'^mit'^ns.  In  the 
districts  within  the  jurisdiction  of  Frejberg>  I  only 
know  of  it  being  found  at  Gtrsdorf;  but  of  this  I 
have,  only  seen  one  small  piece.  It  is  chiefly  found 
in  Oher^Erzgehirge^  and  principally  at  Palmktum  near 
Marienberg}  where  it  occurs  along  with  a  Uttle  lead 
glance  and  molybdena.  It  is  also  found  at  Biersci- 
nabelstotlen  near  Annaberg,  and  at  Herzag  Karl  near 
Ehrenfrieiirsi&ff^  The  numerous  ores  of  rilver, 
which  in  former  times  were  worked  out  at  Ebren^ 
Jriedersdtnf  in  the  Saubcrg^  as  well  as  in  the  neigh- 
bourhood at  Klingelscbldgel^  seem,  according  to  the 
specimens  I  have  seen,  to  belong  to  this  sixth  forma- 
tion. It  still  is  found  in  the  yicinity  of  Bartnstein 
and  of  Weuenthal^  chiefly  in  the  mine  Kinder  Israel. 
It  was  formerly  found  at  Neu^'Lei^ger^bkk  near 
Jobanngeorgemtadt,  Out  of  Saxony,  it  oclurs  chiefly 
at  Joachimstabl  on  the  Hubtr.  I  believe  it  is  also 
found  in  the  mines  of  Sante  Marie  in  Alsace.  I  am 
uncertain  if  I  ought  to  consider  the  glance  cobalt 
(with  the  copper  nickel  and  native  silver),  which  I 
have  ascribed  to  this  formation,  as  really  beloBging 

to 
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to  it^  or  as  forming  a  part  of  the  preceding  forma- 
tion; I  incline  towards  this 'latter  opinion. 

This  sixth  formation,  as  well  as  the  fifth,  is  un- 
doubtedly of  later  fcnrmation  than  the  fourth,  for 
both  of  them  are  only  met  with  in  the  intersections, 
or  in  the  middle  of  the  Teins  of  the  fourth  formation  1 
but  ihef  always  occur  separately.  I  cannot  yet  af- 
firm, with  certainty,  which  is  the  newest  of  the  two } 
to  me,  however,  it  appears  to  be  the  last,  viz.  diat 
consisting  of  native  arsenic  and  red  silver  ore.  For 
I  believe  these  two  formations  sometimes  occur  to- 
gether in  the  mines  of  ObiT'ErTigdirge,  and  in  them 
I  have  found  red  silver  ore  resting  upon  the  glance 
cobalt. 

The  seventh  depot  of  the  metalliferous  veins  of 
the  district  of  Freyberg,  is  a  depot  of  red  ironstone, 
and  contains  only 

Ochry  red  ironstone,  or  red  hematite  | 

A  little  iron  glance  g 

^artZf  and 

A  little  heavy  spar. 

This  formation,  which  is  but  of  little  consequence 
in  working  the  mines  of  Freyberg,  occurs  in  the  vi- 
cinity of  Losniz  and  of  Waltersdorf;  in  the  mines 

FF  Anna 
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jinna  Fortuna^  Vergnugler  Bergman^  and  Jdamna  of 
Lerchenherg :  farther,  in  the  valley  of  Mumtkuhy  and 
hi  other  mines  to  the  eastward  and  south  of  the 
town.  It  commonly  occurs  in  the  upper  parts  of 
the  vein.  It  is  also  found  in  the  mines  of  Znv^ 
ScilUfsel,  Roth  und  Weuser  Lonve  /  and  I  beUere  it 
was  met  with  long  ago  in  those  of  Junge^b^he^Bhrie, 
Junge  Andeas^  Kroner^  and  very  likely  at  Junge 
Thurmhof*  This  is  certainly  ene  of  the  newest  /or- 
mationsy  as  appears  from  the  places  wluch  it  occu- 
pies  in  the  Teins.  This  formation  probably  afibrds 
die  numerous  and  considerable  reins  of  red  ironstone^ 
which,  commencing  in  die  Obergeiirge  at  GUsHmiely 
stretch  across  Foigtland^  and  extend  as  £ar  as  WUken^ 
stein  and  Ehrenfriedendoff.  It  is  not  improbable  that 
die  red  colour  of  the  gneiss,  in  some  parts  of  the 
surface  of  the  mountains  of  Freyberg,  is  produced 
by  this  formation  of  red  ironstone. 

Mm. 

The  eighth  depot  of  the  metalliferous  veins  of  the 
district,  is  a  depot  of  copper,  consisting  of 
Copper  Pyrites  g 
Mountain  green  s 
Malachite  and  red  and  brown  Iron  ochre^  with 

A 
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A  little  fuartZf  and 

A  little  Jliior  spar. 

This  formation,  which  is  of  little  importance,  oc- 
curs about  a  league  on  the  east  side  of  the  city» 
diiefly  at  ConradsJarf  'in  the  Jolmnn^forgenstadt, 
Neubescbert^luckf  Larenz  Gegentrum.  I  cannot  s&y 
with  certainty  if  the  copper  veins  at  Johannes  on  the 
Haglez-Hobe,  not  far  from  Altenberg^  as  well  as 
those  in  the  Stockwerke  of  Leissa$f  and  in.  the  mine 
of  Fortuaa  near  Gronthatj  which  contain  the  same 
ores,  belong  to  this  formation  or  not. 

$125. 

Such  are  the  principal,  metalliferous  veins  in  the 
mining  district  of  Freyberg.  If  we  consider  the 
number  and  richness  of  the  veias  contained  in  this 
district,  we  shall  not  be  astonished  at  the  immense 
treasure  which  our  veins  have  already  yielded ;  and 
we  may  indulge  the  well-founded  hope  of  successful 
operations  in  time  to  come. 

Finally,  I  have  no  doubt  of  being  able  to  add  to 
these  formations  of  metalliferous  veins,  some  others 
less  remarkable,  and  not  so  rich.  For  example,  I 
think  I  have  seen  in  the  mine  Himmelsforst,  two 
formations  of  silver  ore,  which  do  not  occur  in  the 
other  mountain^. 

On^ 
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One  of  these  formations  contains 
Native  dendritifarm  silver^  in 
Common  heavy  spar^  and 

I 

Brawn  spar. 

This  formation  occurs  also  at  Wit^ichen^  in  the 
Black  Forest}  in  Swabia^  id  the  country  of  FUrstefH 
iergf  and  at  Sante  Marie  in  the  mines  of  Alsace, 
The  other  formation  contains 

Native  dentiform  silver  ,• 

Silver^gbince  / 

A  little  brown  blende^  and 

Sparry  ironstone. 
This  occurs  in  and  with 

Cole  spar^  aiid 

Brown  spar. 

This  formation,  I  believe,  is  to  be  found  at  Rati* 
borscUz  in  Bohemia^  and  Priester  at  Scbneeberg* 

I  do  not  yet  know  to  what  forma^tion  die  foUow-r 
ing  belongSi  viz. 

Light  red  silver  ore,  partly  crystallized,  and  partly 
in  the  form'  of  membranes,  which  was  formerly,  and 
still  is  found  at  Beschert  Gluck^  Junge  ThurmhofvoA 
Kroner  i  I  am  induced  to  think  it  belongs  to  the 
fourth  formation,  namely  that  which  contains  native 
arsenic  ^ud  pale  red  silver  ore.  It  is  most  common* 
ly  found  in  veins  that  are  of  a  ferruginous  nature.^ 

Further, 


\ 
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Farther^  we  sometimes  find  in  several  of  the  veins 
of  the  Freyberg  district^  chiefly  in  the  mines  J^ 
hanms  on  ik^  Lercbmberg^  and  Lorenz  Gegentrum  and 
Jonas, 

Variegated  copper  ore,  with 

Copper  pyrites,  and  even 

A  little  copper  glance* 
But  I  do  not  know  whether  this  formation  should 
be  considered  to  belong  to  the  preceding  ones^  or  if 
it  is  a  distinct  formation. 

I  imagine,  however,  that  beside  the  three  depots 
of  lead  which  I  have  mentioned,  there  occurs  a 
fourth,  which  seems  to  be  newer  than  any  of  the 
preceding,  and  consists  of 

Lead  glance,  in  lamellar  concretions,  rich  in  sil- 
ver; 

Compact  lead  glance  ; 

A  little  iron  pyrites  ; 

Black  blende,  and 

Sparry  ironstone. 
It  always  occurs  in  loam. 

I  believe  it  occurs  at  Holewein,  in  the  vein  Hein^ 
rich,  at  Morgenstem  in  the  vein  Hamisch,  and  at 
Himmelfahrt  in  the  vein  Fuscbgluck ;  all  these  veins 
which  are  of  tricing  size,  have  a  southerly  direc- 
tion. 

They 


-/ 
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Thqr  still  speak  of  tinstone^  wfaich  is  said  to  lunrc 
been  f ormeriy  Mrorked  in  the  souA-east  port  of  the 
district  of  Freyberg  $  but  I  hare  not  yet  been  able  to 
observe  the  smallest  trace  of  it« 

I  have  already  remarked,  that  the  second,  fonrdif 
and  fifth  depots  contain  some  ores  which  appear  to 
be  of  particular  formations. 

I  take  no  notice  of  vrins  nrfiich  only  contain  stony 
snbstances,  sndi  as  quartz,  brown  spar,  heavy  spar; 
and  clay}  because  I  only  wish  to  treat  of  fomuw 
tions  of  metaUiferous  veins.  Besides,  I  am  not  in 
possession  of  a  sufficient  number  of  data  to  be  able  t» 
say  any  thing  certain  with  respect  to  them. 

i  126. 

Such  is  the  summary  of  the  principal  observations 
which  I  have  made  on  the  district  of  Freyberg  ^  the 
knowledge  of  which  I  have  acquired  from  repeated 
observations  made  myself  during  30  years.  I  have 
obtained  it  by  frequently  descending  into  the  interior 
of  mines  ;  by  a  strict  examination  of  the  ores  which 
I  have  seen  in  difierent  collections,  on  the  authenti- 
city  of  which  I  could  rely ;  and  finally,  in  getting 
every  imaginable  information.  I  flatter  myself  that 
the  exposition  which  I  have  given  of  the  state  of  the 
mining  district  of  Freyberg,  will  not  only  serve  as  a 
/  -lodel 
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ttioAtl  for  stmilar  imrestigationsy  but  that  it  will  cx-< 
citt  the  patriotic  efibrts  of  the  Saxon  miners,  and  in^ 
duoe  them  to  augQicnt  and  complete  the  geognostic 
and  mineralogical  tables,  of  which  I  hare  only  given 
a  sketch* 

5127- 

I  cannot  refrain  from  saying,  that  in  the  country 
tdjoining  to  the  Freyberg  mining  district  we  find 
other  three  particular  and  very  distinct  metalliferous 
depots. 

The  first  is  a  depot  of  red  silver  ore  that  contains 

De€p  nd  siher  ore^  which  occurs  in 

^uari%  passing  into  botnstone^  which  sometimes 
has  a  green  colour  near  the  walls. 

This  depot  occurs  in  the  mines  Darnel^  Atte  Hfff^ 
msngf  Cbrui  bescbenmg  near  FotgUterg^  at  Braurudwrf^ 
and  in  several  other  places. 

The  second  is  an  inconsiderable  depot  of  antimo-> 
ay,  and  consists  chiefly  of 

Gnj  antinumf  ore  in 

This  occurs  in  the  mines  AUe  Hoffhung^  at  KJetn* 
Voigtsbergf  Neue  Heffnung^  SU^eld  and  Vertraglkbe 
QaeUcbaft  at  Braunsdorf:  it  is  found  along  with  the 
fo^ner,  but  seems  to  be  rather  newer  than  it 

The 
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The  third  is  the  depot  of  lead  and  silver  at  Sciar* 
fenbergj  and  contains 

Lead  glance^  fine  granular,  and  rich  in  silver  \ 

TtUow  and  red  blende  ; 

A  small  quantity  of  conunon  iron  pyrites  ;  some- 
times 

A  little  native  silver,  and 

Silver  glance. 
All  of  which  occur  in 

Brown  spar,  coarse  and  fine  granular  \ 

^artz  ;  and  even 

< 

A  little  cak  spar. 

This  formation  does  not  occur  in  any  other  part  of 
Saxony }  but  it  is  seen  at  Kapnik  in  Transjlvama. 
Perhaps  it  may  contain  a  small  proportion  of  gold. 
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Since  the  impression  of  my  treatise^  I  have  had 
an  opportumty  of  making  some  observations  which  I 
shall  here  add|  because  they  will  serve  to  explain  my 
new  theory  of  veins^  and  even  afibrd  a  proof  of  my 
doctrine. 

In  Crell's  Chemical  Annals>  I  have  described  a  re- 
pository of  wacke,  known  by  the  name  of  Suzen^ 
ivakkiy  which  occurs  in  the  gallery  Barbara  at  Joach" 
imstabL  This  wacke^  belongs  to  the  trap  formation, 
but  it  occurs  in  a  primitive  rock  of  mica  slate  and 
clay  slate ;  the  repository  descends  to  a  depth  of  150 
fathoms;  it  contains  semi-petrified  trees^  the  bark, 
branches,  and  leaves  of  which  are  still  entire.  This 
repository  bears  a  strong  resemblance  to  veins:  it 

G6  undoubtedly 
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undoubtedly  was  an  eaormous  rent  fonned  m  this 
high  primitiTe  mountain,  ^ich  has  afterwards  been 
filled  up  from  above  with  wacke.  What  revolution 
could  produce  this  rent  ?  And  what  one  could  have 
afterwards  filled  it  up  ? 

$129. 

M.  de  Gruner  of  Berne,  one  of  my  most  disttn* 
guished  pupils,  and  a  particularly  good  geognost, 
communicated  to  me  a  few  years  since  a  very  in- 
teresting observation,  viz.  that  in  the  Alps  of  Swit- 
zerland, namely,  in  the  FalaiSf  there  are  narrow  val* 
leys  which  cut  and  separate  the  ridges  of  the  moun* 
tains,  which  appear  to  be  nothing  but  great  rents. 
A  short  time  after  I  found  the  same  observation  con- 
tained in  the  mineralogical  letters  of  Ferber. 

Something  of  the  same  kind  occurs  in  Derbyshire; 
Whitehurst,  in  his  Theory  oE  the  Formation  of  the 
Earth,  says,  that  such  a  rent  is  to  be  seen  near  Mat- 
lock, the  bottom  of  which  is  filled  with  the  debris  of 
die  rocks  which  constitute  the  mountain,  and  the 
upper  part  is  the  valley  through  which  the  Derwent 
flows. 

M.  de  TreWa,  the  present  captain-general  of  the 

^axon 
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Saxon  minesj  in  the  Gottingen  Magazinci  gires  a 
short  and  instructiye  description  of  a  cavity  or  druse 
discovered  in  1785  at  Andreasherg^  in  the  vein  Furtf-^ 
Bucher^Mosk.  It  is  two  fathoms  and  a  half  long» 
and  in  some  parts  30  inches  wide.  It  was  not  only 
lined  with  the  most  beautiful  crystals  of  calc  spar, 
but  it  also  contained  large  pieces  of  this  fossil,  either 
repottng  on  one  another,  or  projecting  into  the  in- 
terior of  the  cavity :  these  pieces  were  covered  in  a 
similar  manner  with  crystals  which  in  part  connect* 
ed  them  with  each  other. 

I  was  lately  favoured  by  one  of  my  friends  with 
aa  extract  made  from  Fichters  Mineralogical  Obser- 
tations  on  the  Carpathian  mountains  :  this  extract 
contains  three  examples  of  petrifactions  found  in  the 
metalliferous  veins  q{  Hungary  and  Transylvania.  I 
shall  giTe  it  just  as  it  was  seht  me  *• 


*  Mmeralogische  Bemerkongen  von  den  Karpathen, 
von  Job.  Ehretir.  von  IichteL  8vo.  Vien.  179I9  Part.  L 
pages  48.  and  49.  The  whole  passage  deserves  to  be 
quoted.    It  is  the  following. 

^  I  saw  at  Kremmtz  a  fossil  bnmght  &am  the  mine 
^  Stadfiaad/ungf  it  was  a  foliated  fungus  of  the  size  of  a 

•*  nut, 


i^  MEW  THEORY  OF  TBI 

« 

I  would  recommend  it  to  every  mineralogist  who. 
IS  desirous  of  becoming  acquainted  with  the  nature 
pf  veins,  to  studf  those  chiefly  which  occur  in  the 

mountains 


f'  nat,  the  parallel  folift  of  which  contained  a  round  ball 
^  enclosed  within  thenu  This  fiingites  and  the  ball  were 
*<  composed  of  dark  brown  sparry  ironstone  (not  brown 
^  spar,  for  it  contains  no  manganese)  ;  if  occurred  in  ciy- 
^  stallized  quartz  which  was  found  in  decomposed  grey- 
**  stone )  bendes  the  fiuigites,  the  whole  surface  ef  the 
*^  fossil  is  covered  with  larger  and  smaller  rhombs  of  sparry 
^  ironstone  of  a  beaudful  gold  yellow  colour. 

**  At  Schemnitz,  I  also  saw,  but  did  not  learn  from 
**  what  mine  it  came,  a  U valve  shell  about  the  size  of  a 
**  hazel  nut  resting  upon  quartz,  and  tlus  again  on  a  de- 
^  composed  greystone  ( the  two  valves  were  separated  from 
^  one  another  in  a  perpendicular  direction,  perfectly  cn- 
*'  tire,  and  with  a  sharp  pcunt  very  much  bent.  The  shell 
*f  is  bent,  very  concai^e  }  its  substance  thick,  smooth,  much 
''  weathered,  and  appears  to  belong  to  the  cordi&nn 
«  shells. 

*^  If  to  these  two  petii&ctions  be  added  the  madrepore 
^  mentioned  by  Aulic  Counsellor  Born,  and  also  a  snail  ii\ 
f  my  possession  found  in  a  gold  vein  in  Transylvania,  we 
t^  have  four  incontestable  examples  of  petrifactions  occur- 
t*  ring  in  the  metalliferous  veins  of  Hungary  and  Transyl- 
t  vania." 

In 


FORMATION  OF  VXtm,  QJ^J 

mountains  called  Erzgebirge,  in  Saxony  and  Bohe« 
mia,  (principally  at  Joachimsthal) ;  and  also  those 
that  occur  in  the  Hartz,  and  in  Derbyshire  in  £ng« 
land.  Perhaps  the  mountains  of  ^Cornwall,  and  of 
Kongsberg  in  Norway,  may  also  furnish  some  inte* 
resting  observations. 


In  the  concluding  pact  of  this  passage^  the  same  author 
makes  the  following  remark. 

*^  No  one  acquainted  with  the  nature  of  rocks  will  con- 
^^  sider  this  mountain  as  of  Neptunian  origin  \  its  substance 
^'  does  not  contain  the  least  vestige  of  marine  bodies,  al- 
^^  though  they  do  occur  in  the  veins  which  run  through 
«  it.'» 
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Note  A;    $  3.  p.  3. 

xVlthough  Werner  says,  in  this  } ,  that  rmni  aim j$  trar 
verse  or  cut  the  strata  of  the  rock  in  which  they  occur,  it 
deserves  to  be  noticed  that  the  branches  of  v^s  sometiffies 
ran  parallel  with  the  strata  which  are  traversed  by  the 
principal  vein  ^  and  that  in  some  instances  the  principal 
vein  itself,  in  part  of  its  course,  runs  parallel  with  the 
strata.  Such  portions  and  branches  of  a  vrin  may  be  con* 
founded  with  true  beds,  which  shows  the  necessity  of  at* 
tending  carefully  to  the  orictognostic  distinction  of  beds 
and  veins  as  tjiey  occur  on  the  great  scale.  We  will  in 
general  find  that  rocks  or  flunerals  in  beds  are  diftrently 
arranged,  and  have  different  orictognostic  and  geognostic 
relations  from  the  same  rocks  and  minerals  in  veins ;  and 
that  in  these  two  species  of  repontoty  thqf  will  be  accom« 
panitd  with  different  minerals, 

HH  Note 


Note  fi.    }  25.  p.  46. 

In  addition  to  the  theories  enumerated  and  examined  in 
the  text,  two  others  have  appealed  since  the  publication  of 
this  treatise. 

1.  A  particular  .theory  of  veins  sketched  by  Dr  Hutton, 
in  his  work,  entitled  ^  Theory  of  the  £arth'\  and  lately 
illustrated  with  great  ability  by  Pro&ssor  Playfidr^  in  his 
work  on  the  Huttonian  Theory :  thu  theory  is  fiiUy  exa- 
mined by  Professor  Jameson  in  his  Elements  of  Geo- 
gnosy, 

2.  A  New  Theory  of  Veins  by  Patrin,  well  known  by 
his  mineralogfcal  observations  on  Siberia.  It  is  fblly  de- 
tailed under  the  article  FiJan^  of  the  Nouveau  Dictionaiie 
d^Histoire  Naturelle. 

Besides  the  different  works  treating  of  veins  mentioned 
in  this  treatise,  the  following  may  be  consulted  widi  ad- 
vantage. 

z.  Charpentier  Beobachtungtn  \A)et  die  Lagerstfttte 
der  £rze  Hauptsikhlich,  aus  den  Sachsischcn  Gebirgen- 
fin  beytrag  zur  Geognosie.     Met  Kuplem,  4to. 

Thb  interesting  work  is  divided  into  four  books.  The 
first  book  treats  of  the  strata  and  beds  of  mountains,  in  sa 
far  as  they  are  to  be  considered  as  repoatories  of  ores.  The 
second  book  treats  of  those  mineral  repositories  denomi- 
nated veifu.  The  third  book  treats  of  the  passage  of  vem» 
through  different  species  of  rocks,  as  also  of  the  change 

they 
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tiiey  induce  on  the  neighbouring  rocks.  The  fourth  treats 
of  veins  filled  with  stony  substances  of  different  kbds. 

2.  Beitrage  zur  Naturgeschichte  der  Gftnge,  von  Johann 
Karl  Friesleben,  in  von  MoUs  JahrbQcher  der  Berg  und 
Hutten  Kunde  for  1800. 

3.  Bemerkungen  iiber  der  Hare  von  Johann  Karl  Fries- 
leben,  2  vols.  8vo*  1795- 

4.  Sasunlung  Mineralogischer  und  Bergmanischer  Ab- 
hsndlungen,  von  F.  Mohs.  Wien.  1804. 

5.  Reuss  Mineralogiscfae  Geographie,  von  Bohmen. 
Dresden  1793  to  1797,  2  voJs. 

6.  Von  Buch  Geognostische  Beebachtungen.  Berlin 
1802,  8vo. 

7.  Jameson^s  Mineralogy  of  the  Scottish  isles. 

8.  Williams^s  Natural  ICstory  of  the  Mineral  Kingdom, 
2  vols.  8^0. 

'  Tins  woik  is  Avided  into  three  parts.  The  £rst  part 
treats  of  the  natural  lustoiy  of  the  strata  of  cbal,  end  of  the 
concomitant  strata.     The  second  part  treats  of  the  natural 

history  of  mineral  veins  and  other  beds  and  repositories  of 

1' 

the  precious  and  useful  metals.  •  The  third  part  treats  of 
the  natural  history  of  the  prevailing  strata,  and  of  the 
principal  and  most  interesting  phenomena  upon  and  within 
the  surface  of  the  earth*  Several  years  ago  1^  irst  part 
of  this  work  was  translated  into  German,  aecompanied 
with  many^valuable  illustrations  and  additions }  more  lately, 
as  we  are  informed,  nearly  the  whole  vrork  has  been  trans- 
lated 
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kted  into  the  Gennan  at  the  xeqveft  of  Werner^  and  is 
companied  with  many  vahiable  notes  bj  the  translator  Heim- 
rich  Meitder,  a  pupil  of  Werner's, 

Note  C.    J  31,  p.  51. 

Although  the  assistance  which  the  crossing  of  vfins  af- 
fiurds  us  in  determining  the  relative  ag^  of  each  has  been 
aittch  overlooked  by  mineralogists  in  general,  it  had  not 
esoaped  the  observation  of  FtycCf  who  notices  the  dxiplm- 
stance  in  his  work  giving  an  account  of  the  country  and 
mines  of  Cornwall.  Thefe  observations  must  have  been  uor 
known  to  Wemer>  for  it  cannot  be  supposed  that  an  author 
who  has  showed  so  much  anxiety  to  confer  on  eveiy  writer 
the  merit  to  which  his  remarks  entitle  him,  would  have 
passed  over  this  circumstance  had  the  woriL  fallen  under  his 
perusal* 

As  the  passage  is  one  of  much  importance,  from  confirm* 
ing  this  part  of  the  Wemerian  theory,  I  shall  give  it  in  his 
own  words. 

^  Because  the  Cross-Gossans,  or  Cross-Flookans,  iub 
**  through  all  veins  of  opposite  directions,  without  the 
S^  least  interruption  from  them,  but,  on  the  c<mtrary,  do 
^*  apparently  disjoint,  and  dislocate  aU  of  them  ^  it  seema 
^  reasonable  to  conclude,  that  the  east  and  west  vei^a 
^  were  antecedent  to  cross  vdns  j  and  that  some  great 
^  event,  long  after  the  creation,  occasioned  these  trans- 
t'  vene  clefts  and  openings.     But  how,  or  when,   this 

<<  should 


M  fhouM  come  to  ptst,  we  cannot  prefume  to  fbrm 
**  adequate  idea.^' 

Vide  Payee's  Mincralogia  Comubienaisi  p.  loi. 

NoT£  D.    §  40.  p.  61. 

La  many  of  the  sandstone  districts  in  Scotland,  paiiti* 
ciilariy  in  the  Orkney  and  Shetland  isles,  there  are  nume* 
rotts  »id  very  eztensiTe  deep  and  wide  xents  and  fissures 
9tiUopcQ. 

Note  E.    $48.  p.  74. 

The  occurrence  of  coal  in  veins  is  a  rare  phenomenoa.  I 
lum  hi^y  to  be  able  to  give  an  instance  of  it  observed  by  a 
sainer  of  great  sagacity  and  skill,  the  late  Mr  Williams. 
In  his  valoable,  but  little  known  work,  entitled  Naturd 
Hbtoiy  of  the  Mineral  Kingdom,  there  is  the  following 
description  of  veins  of  coal  at  Castle  Leod. 

*^  I  have  seen  coal  in  the  cavities  of  mineral  veins  at 
**  Castle  Lend,  in  the  highlands  of  Scotland.  This  extra^ 
^  ordinaiy  coal  is  lodged  in  common  rake  veins,  or  per- 
**  pendicular  mineral  fissures  in  the  mountain  rocks,  &a 
^  from  any  strata  of  coal,  or  of  the  coal  metals.  The 
*^  veins  at  Castle  Leod  open  into  bellies  or  concavities  of 
M  di£Eerent  lengd»  and  capacity,  and  close  again,  or  check, 
t*  by  the  sides  of  the  v^s  combg  together ;  and  they 
^  have  every  character  and  description  eommon  to  good 
^  nke  veins,  and  the  coal  is  lodged  in  Jthe  cavities  of 
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^  them  exactly  in  the  saaie  manner  as  lead,  copper,  &c« 

^  are  found  in  such  veins  in  other  places.    I  got  some  cod 

'*  dug  out  of  one  of  these  veins,  which  I  burnt  in  the 

**  house :  the  coal  was  very  soft  and  tender,  b^g  very 

**  near  the  surface  j  but  it  was  perfectly  clean  and  brightp— 

^  about  one  foot  tUck  where  I  opened  the  ground,  bat  it 

**  grew  thinner  towards  the  ends  of  the  belly  or  concavity 

**  of  the  vein,  and  it  soon  dwindled  away  to  nodiing,  and 

**  twitched  oat  entirely  ^  and  I  saw  it  open  again  in  several 

**  places  in  the  bearing  of  the  vein.    This  coal  was  ez- 

^^  ceedingly  &t,  so  as  to  run  together  strongly  in  the  fire 

*'  like  the  best  of  the  Newcastle  coal.     I  look  upon  this 

f'  phenomenon  in  the  natural  history  of  the  mineral  king- 

^  dom  as  a  great  curiosity.     I  call  it  a  phenomenon,  be- 

**  canse  it  is  an  extraordinary  appearance  quite  out  of  cem- 

*'  mon  experience.     I  did  not  know  any  thmg  aboot  coal 

*'  in  such  a  ^tuation  and  circumstances  until  I  saw  diis. 

**  I  had  never  heard  nor  Imagined  any  such  thing  until 

**  this  offered  itself  to  my  consideration.     I  was  at  all  due 

'*  pains  to  investigate  this  phenomenon  thoroughly,  so  as 

**  not  to  leave  out  any  circumstance  which  should  be 

**  conadered,   and  so  as   not  to   be   mistaken   in   any 

**  pcnnt, 

*^  There  are  several  mineral  veins  at  Castle  Leod  run- 
^  lung  parallel  to  one  another  upon  the  north-east  side  of 
*^  a  pretty  high  and  rocky  mountain  ^  and  there  are  some 
^  lesser  strings  branching  out  from  the  principal  veins. 

**  Ther^ 


^  There  is  coal  found  in  thxee  or  &ur  of  these  veins^ 
.  ^  part  of  which  had  been  wrought  out  of  several  belliea  of 
^  those  veins,  as  far  as  they  could  go  down  for  water,  before 
**  I  was  there }  and  as  I  had  no  apparatus  for  drawing  the 
^  water  out  of  the  old  works,  I  was  obliged  to  open  new 
**  ground  farther  forward  upon  the  bearing  of  one  of  the 
**  veins,  out  of  which  coal  had  been  wrought— When  I 
'*  opened  the  ground  the  coal  was  only  about  one  foot 
"  thick,  and  it  only  continued  for  a  &w  yards  in  length  at 
**  that  thickness,  before  it  began  to  dwindle  away  by  de- 
**  grees,  and  it  was  soon  squeezed  out  entirely  at  both 
^  ends  of  this  little  belly  3  however,  I  saw  evidently,  that 
^  some  of  the  bdlifs  or  concavities  of  the  vems,  out  of 
^  which  they  had  formerly  dug  some  coal,  were  wider 
^  than  the  one  which  I  opened.  Some  of  them  were  up 
^  to  three  or  four  &et  wide  between  the  sides  of  the  vems  ^ 
^  and  the  concavities,  out  of  which  they  had  dug  coal,  were 
^  also  somewhat  longer  than  the  one  I  opened.  But  they 
^  had  chosen  the  best  places  for  their  trials,  which  was 
**  not  difficult,  as  the  coal  was  to  be  seen  in  the  veins 
"  at  the  sur&ce  of  the  ground.  I  saw  coal  in  several 
**  places  in  the  checks  or  tmtches  of  these  veins  between 
**  the  open  bellies,  not  above  one  inch  in  thickness. 

**  The  circumstance  of  these  coal  veins  opening  tnt» 
^  beUies,  or  concavities,  between  the  sides,  and  twitching 
'*  again  by  the  two  sides  coming  close  together,  is  common 
**  to  all  mineral  veins  of  this  description,  though  the  con^ 

**  cavities 


"  cavities  of  the  veiaa  st  Caide  Lcod  are  remarkably 
*^  short  'y  and  the  twitches,  or  close  parts,  axe  also  shortf 
^  these  being  a  ^edes  of  piped  take  veins,  the  charac- 
^  ter  and  description  of  which  is,  that  they  open  and  close 
**  again  at  short  distances  in  the  line  of  bearing,  and  the 
^  pipes  or  concavities  pat  down  in  the  dip  of  the  vein  pa« 
**  rallel  to  one  another,'* 

Note  F.    §  49.  p.  75. 

Granite,  denite,  and  greenstone,  are  rocks  which  bear 
considerable  resemblance  to  each  other  ^  it  is  therefore  of 
some  consequence  to  attend  to  the  nature  of  each,  that  w6 
may  be  able  to  distinguish  them^  not  only  because  an  inat** 
tention  to  this  circumstance  has  frequently  led  into  error, 
but  because  without  attendbg  to  it,  it  will  not  be  possible 
to  give  an  exact  account  of  any  tract  of  Country  where  they 
occur.  The  author  has,  ]||  a  note  to  j  49.  pointed  out  ixl 
a  very  perspicuous  tnanner,  -the.  difference  between  sicnite 
and  greenstone )  to  these  granite  ako  bears  a  strong  re-' 
semblance  ^  they  diffisr,  however^  very  essentially,  not  ool/ 
in  their  component  parts,  but  in  theit  geognostic  situataon 
uid  relations. 

Granite^  the  oldest  of  the  rocks  which  compose  the 
crust  of  this  earth,  either  forms  the  lowest  bed  of  a  moun- 
tain, or  constitutes  the  whole  mass  of  it,  around  which  thtf 
other  rocks  are  wrapped  in  the  mantle-form.  It  is  an  ag^ 
gregate  rock  composed  of  fel^iar^  quartz,  and  mica,  in  dif- 
ferent 
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prdpordons,  and  these  vaiy  much  in  the  ase  of  thdr 
grains.  The  felspar  is  generally  most  abundant,  and  the 
mica  in  smallest  proportion.  It  is  often  stratified.  We 
never  find  the  oldest  granite  constituting  the  mass  of  a 
vein,  although  the  second  and  dmd  granite  formations 
frequently  do.  The  third  or  newest  granite  fonnation 
sometimes  is  met  with  in  overlying  formation. 

Sieniie  is  an  aggregate  rock  composed  of  felspar  and 
hornblende  J  sometimes  it  contains  a  small  admixture  of 
quartz  or  mica :  these  hpwever  are  only  accidental,  and 
when  they  are  present  it  is  in  small  quantity,  or  in  particu* 
lar  parts,  without  a£Fecting  the  general  nature  of  the  rock. 
Hornblende  is  the  characteristic  ingredient  which  serves  to 
distinguish  it  from  granite.  It  occurs  always  in  unconfor- 
mable and  overlying  stratification,  or  in  veins.  Its  beds 
always  rest  upon  the  old  or  primitive  rocks :  we  never  find 
it  under  any  of  them*  When  it  constitutes  veins,  they  al- 
ways traverse  the  beds  of  the  primitive  rocks.  It  is  never 
traversed  by  veins  of  the  primitive  rocks,  except  by  those 
of  the  third  granite  fiwmation. 

Greenstone  is  a  compound  aggregate  rock  consisting  c»£ 
hornblende  and  felspar,  in  small  grains,  which  are  fre- 
quently 80  minute  that  the  rock  b  almost  destitute  of  the 
granular  structure,  and  the  constituent  parts  cannot  be  di- 
stinguished. The  hornblende  always  predominates,  and 
gives  to  the  rock  the  green  colour  from  which  it  derives 
its  name.     It  sometimes  occurs  stratified.    This  rock  is 

II  found 


t* 


%. 
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found  in  «21  the  difiemt  claases  j  spaiingly  m  tlie  prian* 
tive»  mere  abundantly  in  the  tianatkny  largely  in  the 
ioetz,  and  very  copiously  in  tbe  ooal  fonaatioii  j  in  ths 
last,  veins  of  it  arc  frequent,  ferming  what  have  in  this 
country  been  called  whin  dykes,  a  name  destitute  of  any 
{rarticular  application,  and  whidi  ought  therefore  to  be  dis- 
continued. 

From  this  vancty  and  unitRcrsality  in  the  occurrence  of 
greenstone,  mineralogists  who  did  not  consider  it  with  at- 
tention have  frequently  mistaken  its  nature }  and  it  has 
not  unfrequently  been  confounded  with,  and  described  as 
iold  granite.  But  the  presence  of  hornblende,  which  never^ 
«ven  in  the  most  minute  proportion,  is  found  to  enter  into 
the  compontion  of  old  granite,  establishes  a  maiked  dif- 
ference. Mica,  it  is  true,  sometimes  occurs  in  greenstone, 
more  particularly  in  the  tranntion  kind ;  and  may  have  oc- 
casioned these  errors,  ^rors  which,  however,  we  trust, 
will  disappear  with  the  advancement  of  the  geognosy. 
When  mica  does  occur  in  greenstone,  it  is  to  be  considered 
as  an  adventitious  occurrence,  not  aiecting  the  true  nature 
of  the  rock,  which  will  be  easily  ascertained  by  a  more 
particular  and  extensive  examination  of  the  bed. 

We  have,  in  this  country,  an  interesting  variety  of  trails^ 
ition  greenstone  in  beds,  containing  an  admixture  of  mica, 
in  pretty  large  quantity,  which  has  made  them  be  consider- 
ed by  some  as  granite.  The  beds  to  which  I  allude  occur 
in  Lanunermuir  hills,  near  Priestlaw,  of  which  there  are 

sorni^ 
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section9  made  by  Fassnct  bum.  But  an  cxambatttm  of 
the  nature  of  these  beds,  and  thdr  alternation  with  grey 
wacke,  convinced  me  that  they  are  of  tranation  green, 
tume.  Since  then  tUs  tract  of  countxy  has  been  most  mi- 
nutely examined  by  Dr  Ogilby,  who  presented  to  th^ 
Wemeiian  Natural  History  Society  an  excellent  memw 
on  the  subject,  in  which  he  pwnted  out  and  iUustratcd  by 
specimens  the  true  nature  of  these  beds  and  the  ^flFerent 
veins  which  traverse  them. 

Sesides  the  rocks  noticed,  there  is  a  variety  of  green- 
stone  which  di&rs  somewhat  from  any  of  them.  This  has 
been  denombaUd  by  Professor  Jameson  sieninc  green* 
jtone.  In  it  the  felspar  preponderates,  and  is  commonly 
of  a  &tA  red  colour. 

A  consideratioi  of  the  particulars  mentioned  in  tkb 
note,  shows  the  utility  of  die  study  of  orictognosy  as  a 
preparatory  step  to  that  of  geognosy  j  far  without  a  com- 
petent knowledge  of  the  nature  and  characters  of  the  dif- 
ferent ample  fossils,  the  geognoft  will  not  be  able  to  com- 
municate to  others  what  he  may  observe  in  the  different 
mountain  rocks,  which  to  the  speculative  naturalist,  form 
an  objed  of  so  much  curiosity,  and  to  whose  accurate  and 
fidthiul  detail  so  much  must  be  trusted  in  the  investigatiooi 

in  wUch  he  is  concerned. 

Note 
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Note  G.    $  49.  p.  75. 

Besides  the  rodLs  enumerated  in  iht  text,  as  occuniag 
in  veinS|  the  following  hare  also  been  observed  by  Pxofes>- 
tor  Jameson,  viz.  fotfiyy  ilaie,  pitchsione^   and  sand* 

itotte* 

Note  H.    §  52.  p.  83. 

Bedded  veins  are  those  into  whose  structure  a  variety  of 
different  fossils  enter.  They  are  what  have  by  some  bees 
denominated  stratified  ffeim^  but  as  the  term  stratification 
applies  only  to  rocks  whose  substance  is  imifbnn,  but  sepa- 
rated into  different  layers  or  strata  by  parallel  rents,  it  can- 
not with  propriety  be  applied  to  veins  that  are  composed  of 
beds  pf  different  fbsal  matters. 

In  bedded  veins  the  beds  are  arranged  in  a  deteiiwnate 
order  which  corresponds  on  each  side,  and  are  parl^lel 
to  the  wdls  of  the  vein..    The  part  which  lies  next  the 
walls  has  been  first  formed,  consequently  is  the  oldest  ;\ 
the  others  have  been  formed  in  succesdon  towards  the    \ 
centre,  which  is  the  last  formed,  and  therefore  the  newest       \ 
of  all.     In  consequence  of  this  depo&tion  of  the  successive 
beds  from  the  walls  tathe  centre  of  veins,  the  last  fozmtd 
beds  contain  the  impressions  of  the  crystab  of  those  that 
were  first  formed.     The  centre  of  bedded  vems  often  re* 
mains  unfilled  up,  and  are  then  drusy  cavities,  which  are 

frequently 


F^ 


fieqaeiftlj  lined  with  crystals  of  the  last  Ssrmed  bed,  which, 
m  the  empty  space,  and  tranquil  state  of  the  solution  in  the 
vein,  have  shot  into  regular  forms.  The  greater  number 
of  the  beandfui  spedknens  of  crystalBzed  minerals  wluch 
we  meet  with  in  the  cabinets  of  the  curious,  have  been 
formed  in  this  way  in  the  diusy  cavities  of  veins. 

We  meet  with  many  instances  of  veins  of  this  kind.  In 
the  Fveyberg  district  diey  are,  as  b  mentioned  in  the  text, 
tiumerous.  In  this  country  they  are  not  unfreqnent.  in 
the  island  of  Arran  we  find  many  examples  of  them :  there 
they  are  composed  of  greenstone,  porphyry  slate,  pitchp 
stone,  wacke,  &c.  arranged  m  different,  but  always  in  re- 
gular and  determinate  order. 

Note  L    $  58.  p.  89. 

• 

What  Werner  here  alludes  to  by  the  intiaoate  **  connec* 
^*  tion  which  takes  place  between  veins  and  the  rock,^*  ap- 
plies not  so  much  to  true  veins  as  to  cotemporaneous  veins 
which  are  but  little  noticed  by  him  in  this  treatise.  It  was 
not  till  after  the  publication  of  it  that  his  attention  was 
mote  particularly  directed  to  them.  I  have  therefore 
judged  it  proper  in  this  note  to  point  out  the  most  material 
points  in  which  cotetf^raneous  difier  from  true  vdns,  f»- 
femng  for  a  more  detailed  account  of  them  to  a  paper  tm 
this  subject  by  Professor  Jameson,  which  I  hope  will  sooft 
appear  in  the  Transactions  of  the  Wemerian  Natural  HjU 
story  Society. 

CotefnporaneouM 
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Coief^fera»£9ttr  vems  have  most  genenll j  a  toftuous 
fiurm,  and  frequently  branch  off  in  a  variety  of  directions  \ 
they  are  always  confined  to  one  bed,  and  are  never  ob^ 
served  to  traverse  the  diffisrent  beds  of  a  mountain  ^  they 
aire  generally  enclosed,  and  are  not  separated  from  the  mass 
of  the  rock  in  which  they  occur  by  walls,  like  true  vems, 
but  are  intimately  connected  with  it,  indeed  they  mutually 
fass  into  each  other.  Their  nature  approaches  very  near 
to  that  of  the  rock  in  which  they  occur.  In  the  compound 
or  aggregate  rocks  they  commonly  conust  of  one  or  more 
of  the  simple  fossils  of  which  these  rocks  are  composed, 
aometimes  of  all  the  ingredients,  either  in-  proportions  dif- 
fering from  the  rock,  or  varying  in  the  size  of  the  grains, 
which,  to  a  casual  observer,  may  be  productive  of  error, 
and  lead  into  mistakes  which  are  apparently  at  variance 
whh  the  geognosy.  They  occur  in  all  the  mountain  rocks, 
though  they  are  most  numerous  in  those  of  the  compound 
kind.  They  are  particularly  frequent  in  some  of  the  old 
primitive  rocks  \  gramte  often  contains  many  cotempora- 
neous  veins  of  quartz,  and  felspar  either  angly  or  mixed 
together  in  different  proportions  y  in  gneut  they  occur  in 
^reat  abundance,  and  when  their  structure  approaches  more 
to  the  granular  than  the  slaty,  which  is.  frequently  the 
case,  they  bear  a  great  resemblance  to  granite,  and  have 
been  by  some  considered  as  granite  \  but  we  know  diat 
vems  of  old  granite  never  occur  in  any  rock  of  more  recent 
ionnation^  and  that  when  we  do  find  veins  of  granite  m 

gneiss 


^gaass  or  mica  slate :  they  are  of  the  iiird  granite  Soant* 
tion,  which  only  presents  itself  in  overlying  formatioi^  or 
In  Teins.  Such  cotemporaneous  veins  are  frequent  in  many 
places.  I  may  mention  them  as  occurring  in  the  island  of 
Arran,  at  the  Tor-nid-neony  near  Loch  Rausa,  in  Glen  San* 
nicksy  and  many  other  places  of  that  island^  which  a£Ebrds 
so  many  interesting  particulars  to  the  geognost«  In  green- 
stone of  every  formation,  we  frequently  meet  with  cotem- 
poraneous veins  of  &l^ar,  hornblende,  and  sienitic  green- 
stone,  which  often  run  a  long  way  in  the  beds  of  the  com- 
mon greenstone,  instances  of  which  are  to  be  seen  at  Salis- 
bury Craigs  in  the  vicinity  of  Edinburgh. 

Beades,  these  cotemporaneous  veins  whicfa,  as  mentioned 
above,  are  composed  of  materials  which  do  not  diSsr  from 
the  nature  of  the  substances  compoang  the  rock  in  whidi 
they  occur,  we  often  meet  with  them  consisting  of  mate- 
rials differing  a  good  deal  firom  the  rock.  Of  this  kind 
are  veins  of  steatite  which  are  so  often  seen  in  serpentine, 
and  of  calc  spar  in  limestone.  And  in  the  iloetz  rocks  we 
very  commonly  find  cotemporaneous  veins  of  quartz  ^  in« 
<tances  oF  which  occur  so  frequently  in  most  of  the  moun- 
tain rocks  that  they  require  no  specification* 

Note  J.    {  6o.  p.  90. 

In  addition  to  what  has  been  said  in  regard  to  the  thick- 
ness or  width  of  certain  veins  in  this  {,  we  may  add  that 
Teins  of  greenstone  sixty  feet  wide  occur  in  Axran ;  and 


2S6  APPEKOIX. 

Ptvfessor  Jtmeson  mentions  in  his  Geognosy  veins  of  por* 
phyry  slate  140  £eet  wide  that  occur  in  the  same  island.. 
It  is  worthy  of  remark  that  all  these  very  wide  veins  in 
Amsi  occur  in  strata  of  sandstone  which  are  nearly  hori-> 
zontal.  It  would  seem  that  the  widest  veins  generally  oc- 
cur in  the  most  horizontal  strata. 

Note  K.    $  69.  p.  119. 

It  is  now  iio  longer  doubted  that  the  same  fluid  may 
contain  in  soludon  different  saline  substances  at  one  and 
the  same  time  y  and  without  any  great  stretch  of  analogy, 
the  same  thing  may  be  extended  to  earthy  substances. 
This  idea  I  find  to  be  entertained  by  a  naturalist  whose 
anthority  must  give  weight  to  any  ojanion  ^  I  allude  to 
die  Count  de  Boumony  who  expresses  himself  as  follows. 
**  When  a  fluid  holds  in  solution  the  integrant  molecules 
^  of  several  diffierent  substances,  the  molecules  of  one  sub* 
*^  stance  pass  between  these  of  the  others,  and  each  obey- 
'^  ing  its  own  laws  of  attraction,  crystallizes  separately. 
^  Bendes  the  particular  instances  of  this  which  occur  in 
««  our  elaboratories,  there  is  not  a  metalliferous  vein  which 
^  does  not  furnish  examples  of  it.  Granite  and  a  number 
^  of  the  other  aggregate  rocks  are  striking  examples  of 
•  this.  Nature  presents  us  with  a  very  interesting  fetct  in 
**  8uft»stances  confusedly  crystaUized,  which  contain  dis* 
**  senunated  through  them  others  in  a  state  of  regular  and 
^  perficct  crystallization  }  such  as  compact  granular  lime- 

*•  stone 
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^  stone  containing  crystal  of  qusurtZ|  octahedral  iiOQ  ore^ 
«  and  often  other  substances^  such  as  mas$es  of  gjps  which 
*^  contain  the  same,'*  (crystallized  ?)  *'  or  crystals  of  bora^ 
''  cite,  of  quartz,  of  carbonate  of  lime,  or,  lastly,  of  arrago- 
'*  nite,  as  in  Spain  j  such  as  masses  of  porphyry,  &c.  &c«. 
'^  In  a  solution  which  contains  the  integrant  molecules  of 
^  many  different  substances,  but  one  of  these  in  greater 
**  abundance  than  the  rest,  the  cause  which  has  prevented 
^  the  crystallization  of  the  last  of  these  has  had  no  effect 
^  on  t]ie  others.  Is  it  not  natural  to  conclude,  that,  after 
^  the  hasty  and  confused  precipitation  (^-  the  mostabun- 
*'  dant  substance,  the  precipitated  mass,  being  of  a  soft 
^  texture,^  has  been  penetrated  with  the  soluticm  loaded 
''  with  the  integrant  molecules  of  the  other  substances 
**  which  have  afterwards  united  and  been  crystallized,  as 
^  was  the  case  with  the  alum  and  clay  mentiond^n  §,  5^  ^ 
**  This  kind  of  union  is  known,  to  mineralogists  by  the  - 
^  name  of  electvoe  attraction  or  affinity^  This  explanation 
**  appears  to  me  to  be  applicable  to  a  great  number  of 
^  facts  which  we  observe  in  nature  \  such,  for  example,  as 
*^  the  formation  of  flint  in  nodules  in  chalk,  or  ia  larger 
*^  masses  in  carbonate  of  lime.**  Vide  Traits  de  Minerala^ 
giey  par  M,  U  Canute  de  Bottmon^  4to,  2me  vol.  p.  19  a* 

193-  j  70. 
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Note  L.    {  73.  p.  129, 

White  Watson,  F.  L.  S.  in  a  small  tract  published  in 
1797,  maintains  that  the  mines  in  Derbyslure  do  trayene 
the  toadstone.  His  account  is  as  follows.  **  The  rake 
*^  veins,  containing  ores  in  the  incumbent  limestone  stra- 
**  torn  generallj  descend  through  the  toodstone,  but  are 
**  seldom  found  to  contain  ores  when  in  the  toadstone  >  ga- 
*^  lena  (lead  glance)  is  sometimes  found  with  blende 
''  and  other  minerals }  but  this  circumstance  rardy  occurs : 
**  the  veins,  when  in  the  toadstone,  are  generally  very 
**  small,  and  composed  chiefly  of  calcaieous  spar  accompa- 
**  nied  with  a^haltum  j  when  they  descend  into  the  lime- 
**  stone  under  the  toadstone,  they  become  thick  again,  «nd 
"  frequently  as  rich  in  ores.** 

Note  M.  $  76*  p«  141. 

It  would  appear  from  later  observations,  that  very  con- 
siderable formations  of  lead  glance  occur  in  the  coal  forma- 
tion in  different  parts  of  the  county  of  Durham. 

Note  N.    J  76.  p.  142. 

Werner  remarks,  ^  that  in  the  substance  of  the  pomi- 
*'  tive  rocks  we  never  meet  with  the  sn\allest  trace  of  in- 
^  flammable  or  coaly  matter.*'  Since  the  publication  of 
this  treatise,  Werner  himself  and  other  mineralogists  have 

discovered 


dbcovered  slaty  glance  coal  in  priimtive  mountains,  in  rocks 
of  gneiss,  mica  slate,  and  clay  slate. 

« 

Note  O.    J  125.  p.  227. 

Besides  the  formations  of  lead  glance  enumerated  in  the 
text,  another  may  be  added  ^  it  is  that  of  Wanlockhead 
and  Leadhills.  At  Wanlockhead  the  veinstones  are  ^arhn^ 
lamellar  Juany  spar^  cak  spar^  hrovon  spar^  and  mountain 
cork.  The  ores  are  lead  glance^  blende^  manganese  ockre^ 
lead  earthj  spany  iron  ore^  calamine^  brown  iron  ochre^  iron 
pyrites f  copper  twure^  green  lead  ore^  white  lead  ore^  lead 
vitriol  and  brown  hematite* 

At  Leadhills  the  veins  are  filled  Tvith  the  same  materials 
as  at  Wanlockhead.  These  veins  traverse  grey  wacke  and 
grey  wacke  slatCy  and  frequently  contain  fragments  of  both 
of  these  rocks.  • 

At  Strontian  in  Argyleshire,  there  is  another  formation 
of  lead  glance^  which  diflfers  from  that  at  Wanlockhead  and 
Leadhills,  and  u  probably  of  a  different  age  from  any  of 
those  enumerated  in  the  text.  It  contains  lead  glance^  iron 
pyrites^  calc  spar^  heavy  spar^  strontian^  cross  stone  andy^- 
liated  zeolite. 


Printed  at  the 
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